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ABSTRACT 

Column  and  thin-layer  chromatography  revealed  the  presence  of  the  following  carotenoids 
in  the  thalli  of  21  lichen  species  from  Illinois:  a-,  p-carotene,  rubixanthin,  p- 
cryptoxanthin,  lutein,  3'-epilutein,  zeaxanthin,  lycoxanthin,  lycopene-5, 6-epoxide,  P- 
carotene  epoxide,  p-carotene  diepoxide,  lutein  epoxide,  antheraxanthin,  violaxanthin, 
mutatoxanthin,  a-doradexanthin,  astaxanthin,  neoxanthin,  and  rhodoxanthin.  The  total 
content  of  carotenoids  ranged  from  26.15  (Punctelia  bolliana)  to  106.21  fig  g_1  dry 
weight  (. Phaeophyscia  rubropulchra) . 

INTRODUCTION 

During  the  last  20  years,  considerable  progress  has  been  made  in  studies  of  the  species 
composition  of  lichens  in  Illinois  (Skorepa  &  Snider  1967,  Wiedman  &  Whiteside  1975, 
McClain  1978,  Skorepa  1970,  1973a,  1973b,  1977,  Wilhelm  and  Ladd  1985,  Wilhelm 
and  Lampa  1987,  McKnight  et  al.  1987,  and  Wilhelm  &  Parker  1988).  In  some  of  these 
studies  attention  was  paid,  not  only  to  the  geographical  distribution  of  the  various 
species,  but  also  to  their  biology  and  the  biochemical  content  of  some  lichen  products 
which  are  important  factors  in  taxonomic  research.  While  reference  has  been  made  to  the 
organic  acids,  terpenes,  anthraquinones,  etc.,  none  of  these  works  addressed  the  presence 
of  carotenoids.  In  view  of  the  fact  that  in  the  chemotaxonomy  of  fungi  (Valadon  1976) 
and  algae  (Weber  and  Wettem  1980,  Liaaen-Jensen  1989)  the  presence  of  carotenoids  is 
taken  into  consideration,  we  decided  to  investigate  the  carotenoid  content  of  the  thalli  of 
lichens  from  Illinois  in  order  to  find  new  data  which  would  give  a  fuller  picture  of  the 
characteristics  of  this  group  of  plants. 
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MATERIALS  AND  METHODS 

The  21  lichen  species  studied  from  Illinois,  U.S.A.  were  collected  in  November- 
December,  1988.  The  location,  voucher  number,  and  substrate  of  each  of  these  species 
are  presented  in  Table  1. 

Carotenoid  pigments  were  extracted  with  95%  acetone  in  a  darkroom.  Saponification  was 
carried  out  with  10%  KOH  in  ethanol  in  a  nitrogen  atmosphere  at  approximately  20°C 
for  24  hours  in  the  dark.  Column  and  thin-layer  chromatography  (Czeczuga  1980)  were 
used  for  the  separation  of  various  carotenoids.  A  15-20  cm  X  1  cm  glass  column 
(Quickfit,  England)  packed  with  AI2O3  was  used  for  column  chromatography.  The 
extract  was  passed  through  the  column  and  the  different  fractions  were  eluted  with 
petroleum  ether  and  acetone.  Silica  gel  was  used  for  thin-layer  chromatography  (TLC), 
with  benzene-petroleum  ether-acetone  (10:2.5:2)  as  the  solvent  system.  Rf  values  were 
determined  for  each  spot.  For  identification  of  the  thallus  carotenoids,  standards 
(Hoffman-La  Roche  and  Co.,  Ltd.,  Basel,  Switzerland,  and  Sigma  Chemical  Co.,  USA) 
were  co-chromatographed  with  the  lichen  extracts. 

The  carotenoids  were  identified  according  to:  (a)  their  behavior  in  column 
chromatography;  (b)  their  absorption  spectra  in  various  solvents  as  recorded  on  a 
Beckman  2400  DU  spectrophotometer;  (c)  the  partition  characteristics  between  hexane 
and  95%  methanol;  (d)  a  comparison  of  Rf  values  in  TLC;  (e)  the  presence  of  allylic 
hydroxyl  groups  as  determined  by  the  acid-chloroform  test;  (f)  the  epoxide  test:  (g)  the 
mass  spectrum;  and  (h)  their  infrared  spectrum  (Vetter  et  al.  1971  for  basic  methodology) 
were  recorded  by  a  Specord  M-80  Carl  Zeiss,  Jena.  Quantitative  determinations  of  the 
concentrations  of  carotenoid  solutions  were  made  from  the  absorption  spectra.  These 
determinations  were  based  on  the  extinction  coefficient  (E  1%  cm'1)  at  the  wavelengths 
of  maximal  absorbance  of  petroleum  ether  or  hexane  (Davies  1976). 

Structure  of  carotenoids  was  given  (Figure  1)  according  to  Straub  (1987).  Nomenclature 
follows  Egan  (1987).  Voucher  specimens  are  identified  by  the  Wilhelm  collection 
number  in  Table  1  and  housed  at  the  Morton  Arboretum  Herbarium  (MOR),  Lisle, 
Illinois. 


RESULTS 

In  the  thalli  of  21  lichen  species,  the  presence  of  19  carotenoids  was  determined.  Apart 
from  the  commonly  found  carotenoids,  some  of  particular  interest  were  noted: 
rubixanthin  ( Physcia  mille grand) ,  lycopene-5, 6-epoxide  ( Phaeophyscia  rubropulchra, 
Physcia  stellaris,  and  Punctelia perreticulata),  (3-carotene  diepoxide  (Phaeophyscia 
rubropulchra ),  (3-carotene  epoxide  and  rhodoxanthin  ( Xanthoparmelia  somloensis).  The 
predominant  carotenoids  were  zeaxanthin  (3  species),  (3-carotene  diepoxide  (1  species), 
lutein  epoxide  (7  species),  violaxanthin  (4  species),  mutatoxanthin  (5  species),  and  a- 
doradexanthin  (2  species).  The  total  carotenoid  content  in  the  thalli  of  the  species  studied 
ranged  from  26.15  {Punctelia  bolliana)  to  106.21  jug/g  dry  weight  ( Phaeophyscia 
rubropulchra ).  A  list  of  all  the  carotenoids  found  and  their  distribution  in  the  21  lichen 
species  is  given  in  Table  2. 
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DISCUSSION 

Of  the  findings  in  this  study,  the  most  noteworthy  was  that  of  the  presence  of  (3-carotene 
diepoxide  which  was  the  predominant  carotenoid  in  thalli  of  Phaeophyscia  rubropulchra . 
This  is  the  first  report  of  the  presence  of  this  carotenoid  in  lichens  (Czeczuga  1988a). 
Previously,  it  had  been  found  in  the  anthers,  filaments,  and  petals,  as  well  as  the  fruit  of 
numerous  species  of  flowering  plants  (Goodwin  1980).  The  carotenoids  rubixanthin,  13- 
carotene  epoxide  and  rhodoxanthin  have  been  found  rarely  in  lichenized  fungi. 
Rubixanthin,  among  others,  has  been  found  in  the  thalli  of  the  Cetraria  laevigata ,  from 
the  Kamchatka  Peninsula  (Czeczuga  et  al.  1989a),  whereas  (3-carotene  epoxide  has  been 
found  in  the  thalli  of  Ramalina  pollinaria ,  from  Bulgaria  (Czeczuga  1988b)  and  in 
Nephroma  arcticum,  Solorina  crocea ,  Sphaerophorus  globosus,  Thamnolia  vernicularis, 
and  Usnea  sulphurea  from  Austria  (Czeczuga  &  Olech  1990).  Rhodoxanthin,  among 
others,  was  noted  in  the  thalli  of  a  few  species  of  Parmelia  ( s.l .)  from  Italy  (Czeczuga  et 
al.  1989b). 

In  this  study,  P-carotene  and  lutein  epoxide  were  present  in  the  thalli  of  all  of  the  species 
evaluated.  In  general,  it  would  appear  that  the  genera  and  species  of  lichenized  fungi  have 
suites  of  carotenoids  in  common,  but  that  these  common  suites  are  by  no  means 
exclusive  to  either  genera  or  species  and  common  carotenoids  do  not  necessarily  imply  a 
close  relationship.  The  specimens  of  Parmelia  sulcata  and  Peltigera  canitia  examined  in 
this  study,  for  example,  had  the  same  suite  of  carotenoids,  even  though  the  phycobiont  of 
Parmelia  is  green  and  that  of  Peltigera  is  blue  green. 

The  carotenoids  common  to  the  seven  species  of  Cladonia  in  this  study  were  P-carotene 
and  lutein  epoxide,  and  antheraxanthin,  zeaxanthin,  and  mutatoxanthin,  though  the  latter 
three  were  absent  in  two  Cladonia  specimens  from  Austria  (Czeczuga  &  Olech  1990). 
Where  two  Cladoniae  from  the  Canary  Islands  (Czeczuga  et  al.  1988)  were  compared  to 
the  seven  Cladoniae  from  Illinois,  only  P-carotene  and  lutein  epoxide  were  in  common. 

The  carotenoids  common  to  the  three  species  of  Physcia  were  p-carotene,  lutein  epoxide, 
lutein,  zeaxanthin,  and  violaxanthin.  Peltigera  canina  from  Illinois  had  six  carotenoids  in 
common  with  P.  horizontalis  collected  in  Ireland  (Czeczuga  &  Richardson  1989):  p- 
carotene,  lutein  epoxide,  P-cryptoxanthin,  lutein,  antheraxanthin,  and  violaxanthin, 
though  only  p-carotene,  lutein  epoxide,  and  violaxanthin  were  in  common  with  two 
species  from  Austria  (Czeczuga  &  Olech  1990). 

There  is  also  variation  with  respect  to  carotenoid  composition  within  a  species. 
Parmelia  sulcata  from  Illinois,  for  example,  contained  the  same  four  carotenoids  found  in 
P.  sulcata  collected  in  Finland  (Czeczuga  and  Skult  1988),  but  with  p-carotene,  lutein, 
and  antheraxanthin  in  addition,  perhaps  as  accessory  pigments,  p-carotene,  lutein 
epoxide,  lutein,  antheraxanthin,  and  violaxanthin  occurred  in  the  thalli  of  four  species  of 
Punctelia ,  a  segregate  of  Parmelia.  In  another  segregate  of  Parmelia ,  the  carotenoids  p- 
carotene,  lutein  epoxide,  lutein,  3'-epilutein,  antheraxanthin,  violaxanthin,  and 
mutatoxanthin  were  all  noted  in  the  thalli  of  the  two  species  of  Flavoparmelia ,  but 
zeaxanthin  was  absent  from  P  caperata. 

It  is  apparent  that  much  more  survey  work  among  the  genera  and  species,  replicated  by 
analysis  of  specimens  of  the  same  species  from  different  areas,  must  be  done  before  it  is 
clear  how  important  carotenoid  analysis  will  be  in  lichen  taxonomy.  The  Parmeliaceae , 
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as  well  as  most  other  groups  of  lichenized  fungi,  is  in  an  active  state  of  generic 
evaluation  (Adler  1990).  As  genera  and  subgeneric  relationships  are  explored,  it  is 
possible  that  carotenoid  content  might  be  of  value  in  making  these  evaluations. 
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Table  1 .  Investigated  species  of  Illinois  lichens 


Species 

Canoparmelia  texana  (Tuck. )  Elix  4  Hale 
Cladina  subtenuis  (des  Abb. )  Hale  A  Culb. 
Cladonia  carol iniana  Schwein.  ex  Tuck. 

Cladonia  furcata  (Huds.)  Schrad. 

Cladonia  grayi  G.  K.  Merr.  ex’  Sandst. 

Cladonia  robbinsii  A.  Evans 
Cladonia  squamosa  (Scop.)  Hoffro. 

Cladonia  strepsilis  (Ach. )  Vainio 
Flavoparmelia  baltimorensis  (Gyeln.  et  F6riss) 
Flavoparmelia  caperata  (L.)  Hale 
Parmelia  sulcata  Tayl. 

Peltigera  canina  (L.)  Willd. 

Phaeophyscia  rubropulchra  (Degel.)  Moberg 
Physcia  adscendens  (Fr.)  H.  Oliv. 

Physcia  millegrana  Degel. 

Physcia  stellaris  (L.)  Nyl . 

Punctelia  bo  1  liana  (MUll.Arg.)  Krog 
Punctelia  perreticulata  (Ras.)  Wilhelm  et  Ladd 
Punctelia  rudecta  (Ach.)  Krog 
Punctelia  subrudecta  (Nyl.)  Krog 
Xanthoparmelia  somloensis  (Gyeln.)  Hale 


Coll. 

No. 

County 

Substrate 

16567 

Saline 

Carya  tomentosa 

16590 

Saline 

sandstone 

16586 

Saline 

sandstone 

16589 

Saline 

sandstone 

16549 

Saline 

sandstone 

16584 

Saline 

sandy  soil 

16586 

Saline 

sandstone 

16600 

Saline 

sandstone 

Hale 

16606 

Saline 

sandstone 

16554 

Saline 

Juniperus  virginiana 

16623 

DuPage 

Fraxinus 

16583 

Saline 

sandstone 

16624 

DuPage 

Fraxinus 

16622 

DuPage 

Fraxinus 

16621 

DuPage 

Fraxinus 

16625 

DuPage 

Fraxinus 

16626 

DuPage 

Quercus  alba 

in  ed. 

16617 

Saline 

Juniperus  virginiana 

16552 

Saline 

Juniperus  virginiana 

16553 

Saline 

Juniperus  virginiana 

16571 

Saline 

sandstone 

Figure  1.  A-N,  +  R,  Rj,  and  R2 
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Table  2.  List  of  the  carotenoids  and  their  distribution 


Carotenoid 


Structure  Seal systematic  name 


1  a-carotene 

2  O-carotene 

3  rubixanthin 

4  0-cryptoxanthin 

5  lutein 

6  3’-epilutein 

7  zeaxanthin 

8  lycoxanthin 

9  lycopene-5 , 6-epoxide 

10  0-carotene  epoxide 

11  0-carotene  diepoxide 

12  lutein  epoxide 

13  antheraxanthin 

14  violaxanthin 

15  mutatoxanthin 

16  a-doradexanthin 

17  astaxanthin 

18  neoxanthin 

19  rhodoxanthin 


(Figure  1) 

A-R-B  0,0-carotene 

B-R-B  0,0-carotene 

C-R-D  0 , psi-carotene-3-ol 

B-R-D  0, O-carotene-3-ol 

D-R-E  0 , «-carotene-3 , 3 ’ -diol 

D-R-E  0 , «-carotene-3 , 3 ’ -diol  ( stereisomeric ) 

D-R-D  0, 0-carotene-3 , 3 ’ -diol 
C-R-F  psi ,psi-carotene-16-ol 

C-R-G  5 , 6-epoxy-5 , 6-dihydro-psi ,psi-carotene 

B-R-H  5 , 6-epoxy-5 ,6-dihydro-0, 0-carotene 

H-R-H  5,6,5* , 6 ’ -diepoxy-5 , 6 , 5 ’ , 6 ’ -tetrahydro-0, 0-carotene 

E-R-I  5 , 6 -epoxy- 5 , 6-di hydro- 0 , e-carotene-3 , 3  * -diol 

D-R-I  5 , 6-epoxy-5 , 6-dihydro-O, 0-carotene- 3 , 3 ’ -diol 

I-R-I  5, 6, 5’, 6’ -diepoxy-5 ,6,5’ ,6 ’ -tetrahydro-0, 0-carotene- 3 , 3 ’ -diol 

D-R^-K  5 , 8-epoxy- 5 , 8-dihydro-0 , 0-carotene- 3 , 3 ’ -diol 

E-R-L  3,3’ -dihydroxy-0, €-carotene-4-one 

L-R-L  3,3’ -dihydroxy-0, 0-carotene- 4 , 4 ’ -dione 

I-R j-M  5 , 6-epoxy-6 , 7-dihydro-5 ,6,5, ’ 6 ’ -tetrahydro-0, 0-carotene- 3 , 5 , 3 ’ -triol 
N-Rj-N  4 ' , 5 ’ -didehydro-4 , 5 ’ -retro- 0, 0-carotene- 3 , 3 ’ -dione 


Carotenoid 

Major 

Total 

Lichen  species 

1 

2 

3  4 

5 

6 

7 

8  9 

10 

11 

12 

13 

14 

15 

16 

17  18  19 

carot .  (%) 

m/6 

Canoparmel ia  texana 

X 

X 

X 

X 

X 

X 

X 

X 

12 

(40.8) 

44.84 

Cladina  subtenuis 

X 

X 

X 

X 

X 

X 

X 

X 

X 

12 

(31.7) 

50.29 

Cladonia  carol iniana 

X 

X 

X 

X 

X 

X 

12 

(30.9) 

32.77 

Cladonia  furcata 

X 

X 

X 

X 

X 

X 

12 

(33.2) 

50.33 

Cladonia  grayi 

X 

X 

X 

X 

X 

X 

X 

X 

15 

(39.6) 

42.89 

Cladonia  robbinsii 

X 

X 

X 

X 

X 

X 

X 

X 

7 

(38.9) 

41.42 

Cladonia  squamosa 

X 

X 

X 

X 

X 

X 

X 

X 

X 

7 

(38.4) 

45.98 

Cladonia  strepsilis 

X 

X 

X 

X 

X 

X 

X 

X 

X 

16 

(26.9) 

35.48 

Flavopaimel ia  baltimorensis 

X 

X 

X 

X 

X 

X 

X 

X 

15 

(28.9) 

55.36 

Flavoparmel ia  caperata 

X 

X 

X 

X 

X 

X 

X 

X 

15 

(27.4) 

61.01 

Parmelia  sulcata 

X 

X 

X 

X 

X 

X 

X 

14 

(22.9) 

61.17 

Peltigera  canina 

X 

X 

X 

X 

X 

X 

X 

14 

(36.8) 

50.45 

Phaeophyscia  rubropulchra 

X 

X 

X 

X 

X 

X 

X 

X 

11 

(48.2) 

106.21 

Physcia  adscendens 

X 

X 

X 

X 

X 

X 

X 

X 

12 

(25.6) 

85.04 

Physcia  mi  1 1 egrana 

x 

X 

X 

X 

X 

X 

X 

X 

X 

15 

(21.1) 

43.62 

Physcia  stellaris 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

14 

(33.7) 

33.47 

Punctel ia  bolliana 

X 

X 

X 

X 

X 

X 

X 

X 

X 

16 

(20.2) 

26.15 

Punctelia  perret iculata 

X 

X 

X 

X 

X 

X 

X 

X 

7 

(29.8) 

60.26 

Punctel ia  rudecta 

X 

X 

X 

X 

X 

X 

X 

12 

(27.0) 

36.38 

Punctelia  subrudecta 

X 

X 

X 

X 

X 

X 

X 

15 

(29.3) 

85.99 

Xanthoparmelia  somloensis 

X 

X 

X 

X 

X 

X 

X 

X  X 

12 

(25.4) 

48.54 
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ABSTRACT 

Fifty-five  county  distributional  records,  including  two  state  records,  Carthamus 
tinctorius  L.  and  Myriophyllum  spicatum  L.,  are  reported.  The  only  known  extant 
population  of  endangered  Viola  viarum  is  doing  well.  Alien  species  are  now  21.4%  of 
the  submerged  species  in  the  Hancock  County  section  of  the  Mississippi  River.  Only 
one  live  tree  and  no  seedlings  remain  at  the  Scotch  Pine  location  planted  in  the  mid- 
1800's  in  Hancock  County  which  were  perhaps  the  first  self-seeded  ones  in  the  state. 
There  are  two  old,  healthy  and  fruiting  planted  American  Chestnut  trees  in  Dallas  City. 
The  Illinois  big  tree  champion,  Acer  nigrum  is  in  serious  decline.  MWI  has  received  47 
species  of  an  1894  collection  of  Macon  County  plants.  Sorghastrum  nutans  with  both 
spikelets  of  the  pair  formed,  has  been  collected.  Sixteen  additions  have  been  made  to  the 
Ferster  Collection,  an  early  (1928)  collection  of  McDonough  County  plants. 
McDonough  County  now  has  no  extant  populations  of  threatened  species  and  only  one  of 
an  endangered  species  (Tradescantia  bracteata ). 

INTRODUCTION 

This  paper  provides  some  fioristic  aspects  of  the  spontaneous  vascular  flora  in  some 
Illinois  counties  based  on  data  accumulated  by  the  Western  Illinois  University  Herbaria. 
It  is  divided  into  two  parts:  (1)  county  distributional  records,  and  (2)  miscellaneous 
fioristic  notes  concerning  the  central  Illinois  counties  of  Adams,  Fulton,  Henderson, 
Hancock,  Macon  and  McDonough. 

COUNTY  DISTRIBUTIONAL  RECORDS 

These  55  records  are  arranged  alphabetically  by  the  scientific  name  which  is  followed  by 
the  county,  collector,  collection  number(s)  or  if  s.n.  the  accession  number,  and  in 
parenthesis  the  year  collected.  The  nomenclature  follows  Mohlenbrock  (1986).  Henry 
and  Scott  collections  are  abbreviated  H&S.  Voucher  specimens  are  deposited  in  the  R. 
M.  Myers  Herbarium  at  Western  Illinois  University  (W.I.U.)  at  Macomb  (MWI)  or  the  A. 
L.  Kibbe  Herbarium  of  W.I.U.  at  Warsaw  (WARK).  County  records  were  determined  by 
consulting  Henry  (1987),  Jones  (1989),  Ladd  and  Mohlenbrock  (1983),  Mohlenbrock 


10 


(1985,  1987,  1990),  Mohlenbrock  and  Ladd  (1978)  and  Mohlenbrock  and  Thomson 
(1987). 


Alliaria  petiolata,  Hancock,  H&S  5844-5846  (1988); 

Angelica  atropurpurea,  Knox,  H&S  5855-5860  (1988); 

Apocynum  cannabinum  var.  pubescens,  McDonough,  Ferster  s.n.  access,  no. 
30309  (1928); 

Aster  ontarionis,  Rock  Island,  H&S  5955  (1989); 

Aster puniceus.  Rock  Island,  McKay  s.n.  access,  no.  33511  (1990); 

Carduus  nutans ,  McDonough,  Reese  599  (1978),  a  potential  troublesome  alien 

weed; 

Carthamus  tinctorius  L.,  McDonough,  H&S  5817-5819  (1988),  spontaneous  in 
waste  ground  near  garden,  fruit/seed  probably  carried  by  birds,  plants  flowering,  a  state 
record  since  not  in  Mohlenbrock  (1986); 

Convolvulus  arvensis,  Rock  Island,  Bartels  s.n.  access,  nos.  33512,  33513 

(1986); 

Comus  obliqua,  Rock  Island,  H&S  5937,  5974,  6027  (1989); 

Cyperus  aristatuSy  Rock  Island,  H&S  5930  (1989); 

Dianthus  armeria,  Schuyler,  H&S  6056  (1990); 

Diodia  teres,  Livingston,  Ives  s.n.  access,  no.  25295  (1987); 

Elaeagnus  umbellata,  Rock  Island,  McKay  s.n.  access,  no.  33510  (1990); 

Elodea  canadensis ,  Rock  Island,  H&S  5938,  6022  (1989); 

Epilobium  coloratura.  Rock  Island,  McKay  s.n.  access  no.  33509  (1990); 
Erodium  cicutarium,  Peoria,  H&S  5899-5901  (1989); 

Gaura  biennis ,  Warren,  H&S  6008-6010  (1989); 

Glechoma  hederacea  var.  micrantha,  Knox,  H&S  5849-5850  (1988); 

Helenium  amarum,  Hancock,  H&S  5753,  5754  (1987); 

Helenium  flexuosum,  Schuyler,  H&S  6049-6053  (1990); 

Lysimachia  hybrida,  Carroll,  Ahles  73238  (1971); 

Lythrum  salicaria ,  Morgan,  H&S  6040-6043  (1990),  Scott,  H&S  5723-5725 

(1986); 

Malva  moschata ,  McDonough,  H&S  5903-5905  (1989),  edge  of  alfalfa  field; 
Matricaria  perforata,  Warren,  H&S  5975  (1989); 

Mentha  arvensis  var.  villosa.  Rock  Island,  H&S  5959  (1989); 

Mertensia  virginica  (L.)  Pers.  f.  Berdi  Moldenke,  McDonough,  Kinney-Martial 
s.n.  access,  no.  28474  (1988),  edge  of  path  in  woods,  only  white-flowered  plant  present 
in  a  large  area  of  blue  ones; 

Myriophyllum  spicatum  L.,  Hancock,  H&S  5686-5688  (1986,  plants  not 
flowering),  5878-5880  (1988,  plants  flowering,  coll.  no.  5880  determined  by  S.  G. 
Aiken  and  upon  which  the  determination  of  the  other  collections  is  based,  submerged, 
mouth  of  Larry  Creek,  S.  of  Nauvoo,  a  state  record  since  not  in  Mohlenbrock  (1986). 
This  species  may  have  wider  distribution  in  Illinois  which  could  be  confirmed  by 
examination  of  specimens  of  M.  exalbescens  Fern.  (=M.  sibiricum  Komarov)  with  which 
it  can  be  easily  confused; 

Najas  minor,  Rock  Island,  H&S  5943,  6018,  6019  (1989); 

Panicum  miliaceum,  Warren,  H&S  6003-6004  (1989); 

Pinus  virginiana  Mill.,  McDonough,  Thurow  s.n.  access,  nos.  32074-32076 
(1989),  spontaneous  in  an  old  pasture  in  second  growth  forest  and  also  near  driveway 
from  seed  from  a  planted  and  now  dead  row  of  windbreak  trees,  perhaps  the  second  Illinois 
county  since  first  found  in  Williamson  County  by  Mohlenbrock  (1987); 
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Polygonum  exsertum,  McDonough,  H&S  5876,  5877  (1988); 

Polygonum  lapathifolium ,  Rock  Island,  Root  s.n.  access,  no.  30503  (1978); 
Polygonum  persicaria,  Rock  Island,  McKay  s.n.  access,  no.  33507,  33508 

(1990); 

Potamogeton  crispus.  Brown,  Lang  s.n.  access,  no.  33504  (1990); 

Potamogeton  nodosus ,  Brown,  Lang  s.n.  access,  no.  33505  (1990); 

Quercus  bicolor,  Brown,  Lang  s.n.  access,  no.  33506  (1990); 

Ranunculus  longirostre ,  Rock  Island,  H&S  5908,  5909  (1989); 

Ranunculus  sceleratus,  Rock  Island,  H&S  5914,  5915  (1989); 

Rumex  altissimus ,  Rock  Island,  Bartels  s.n.  access,  no.  33514  (1986),  Hinhede 
s.n.  access,  no.  33515  (1986); 

Rumex  maritimus  var.  fueginus,  Rock  Island,  H&S  5912,  5913  (1989); 
Sagittaria  graminea,  McDonough,  Franks  s.n.  access,  no.  22643  (1985); 

Salvia  reflexa ,  Warren,  H&S  5979,  5980  (1989); 

Sassafras  albidum  var.  molle,  McDonough,  H&S  5842,  5843,  5851  (1988); 
Setaria  italica,  Warren,  H&S  6001,  6002  (1989); 

Solanum  sarachoides,  McDonough,  H&S  5762-5765  (1987),  waste  ground  by 
path  in  woods,  perhaps  the  second  Illinois  county  since  first  found  in  St.  Clair  County 
by  Mohlenbrock  (1987); 

Sonchus  asper,  Warren,  H&S  5989  (1989); 

Sorghum  bicolor ,  Warren,  H&S  5998  (1989); 

Sparganium  eurycarpum.  Rock  Island,  Root  s.n.  access,  no.  30477  (1978); 
Typha  angustifolia ,  Rock  Island,  H&S  5921-5924  (1989),  Warren,  H&S  5983, 
5984(1989); 

Wolff  a  braziliensis,  McDonough,  H&S  5798  (1988); 

Wolff  a  columbiana,  Brown,  Lang  s.n.  access,  no.  33503  (1990); 

Wolff  a  punctata ,  McDonough,  H&S  5799,  5800  (1988),  Rock  Island,  H&S 
5942(1989). 


COUNTY  FLORISTIC  NOTES 

Included  in  this  section  are  some  observations  and  comments  concerning  the  spontaneous 
Illinois  vascular  flora  cited  alphabetically  by  county. 

Adams-The  only  known  extant  population  of  the  endangered  Viola  viarum  (Bowles,  et 
al.  1991)  consists  of  about  30  small  flowering  clumps  around  the  old  foundation  at 
Meyer.  Thanks  to  Ronald  Wiese  and  Brian  Seals,  who  do  not  mow  them,  they  have 
survived  and  increased  in  number.  Their  future  depends  on  the  fate  of  the  privately  owned 
location. 

Fulton-Henry  and  Scott  (1986,  p.  167)  cite  collection  number  4588  as  the  record  for 
Triticum  aestivum  whereas  the  numbers  should  be  5803,  5804,  5805. 

Hancock-With  the  appearance  of  Myriophyllum  spicatum,  the  three  alien  (=non-native) 
species  make  up  13%  of  the  23  floating  and  submerged  species  and  21.4%  of  the  14 
submerged  species  in  the  Mississippi  River  in  Hancock  County.  Before  1952,  there  were 
no  aliens  reported  (Kibbe  1952)  but  since  then  three  [Potamogeton  crispus  in  1966, 
Najas  minor  in  1977  (Henry  (1984)  states  the  first  collection  in  1978  but  there  is  a  1977 
Steffeck  &  Paveligo  s.n.  collection  in  WARK),  and  Myriophyllum  spicatum  in  1986] 
have  been  found.  Their  abundance  can  vary  annually;  N.  minor  in  1986  was  probably  the 
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most  abundant  submerged  plant  at  the  Mississippi  River-Larry  Creek  junction.  Two 
wetland  alien  plants  that  are  increasing  along  the  county  shoreline  are  Lythrum  salicaria 
and  Lysimachia  vulgaris.  L.  salicaria  is  now  in  the  mouth  area  of  most  streams  from 
Hamilton  to  Nauvoo  with  the  largest  expanding  colonies  in  Cheney,  Waggoner  and  Larry 
Creeks  and  smaller  clumps  at  Grays  Point.  L.  vulgaris  exploded  in  population  in  1990 
resulting  in  an  extensive  area  coverage  at  Nauvoo  and  for  the  first  time  being  present  at 
Larry  Creek  and  Grays  Point. 

As  indicated  above,  alien  species  are  now  a  regular  and  increasing  component  of  this 
aquatic- wetland  flora.  They  can  grow  rapidly  and  out-compete  native  species  causing  their 
decline  and  a  disturbance/disruption  in  this  ecosystem.  Aiken  et  al.  (1979)  writing  about 
Myriophyllum  spicatum  documents  this  scenario  stating  "Eurasian  watermilfoil  invades 
communities  of  submerged  aquatic  plants  and  within  2-3  yr  competitively  displaces  most 
other  plants,  ...."  Pyle  (1986)  commenting  on  another  alien  species  of  Myriophyllum 
states  "...  water  milfoil,  waterway  hog,  inspires  panic  in  officials  when  it  appears  and 
should  do  the  same  for  native  plants"  and  he  refers  to  another  alien  as  "an  international 
terrorist."  Hopefully,  the  alien  component  of  the  Mississippi  River  ecosystem  will  not 
be  detrimental. 

The  year  1990  was  very  wet  and  much  sedimentation  occurred  in  the  Mississippi  River 
and  at  the  mouths  of  its  tributaries.  All  species  of  the  usually  abundant  floating  and 
submerged  vascular  plant  flora  decreased  dramatically.  For  example,  at  the  Larry  Creek- 
Mississippi  River  junction,  the  only  plants  present  in  the  fall  were  two  three-to  four-inch 
shoots  of  Myriophyllum  spicatum  and  one  one-inch  shoot  of  Ceratophyllum. 

On  Wildcat  Bluff  in  Wildcat  Springs  Park  in  Hamilton,  Homer  D.  Brown,  Sr.,  a  local 
nurseryman,  planted  apparently  around  the  mid  1800's  a  group  of  Scotch  pines.  These 
pines  self-seeded  and  produced  seedlings/saplings  about  which  Dr.  H.  C.  Cowles  states  he 
recalled  having  seen  no  other  self-seeded  Scotch  pines  in  Illinois  (Kibbe  1952).  In  1987 
during  a  visit  to  the  rocky,  dry  exposed  bluff,  I  found  eight  living  and  two  large  dead  trees 
as  well  as  seven  small  seedlings.  Since  there  were  no  intermediate  sized  saplings/trees, 
apparently  the  self-seeded  seedlings  only  survive  for  a  couple  years.  A  herbarium 
specimen  was  collected  of  a  seven-inch  tall,  two-three  year  old  seedling  (H&S  5760)  and 
from  a  mature  large  tree  (H&S  5761).  During  a  1989  visit  only  one  live  tree  and  no 
seedings  were  found.  Two  of  the  nine  dead  trees  apparently  died  in  1989  since  dried  dead 
leaves  (needles)  were  on  them  whereas  the  other  seven  had  no  leaves.  There  was  a  severe 
drought  during  1988-89  which  probably  caused  the  death  of  seven  trees  since  1987.  In 
1990  there  was  the  one  live  tree  and  no  seedlings. 

In  Dallas  City,  there  are  two  large  American  Chestnut  ( Castanea  dentata)  trees  about  six 
feet  five  inches  DBH  which  were  probably  planted  by  a  tree  fancier  about  90  years  ago. 
Other  than  having  some  somewhat  severe  branch  trimming  in  the  upper  part  for  power 
line  clearance,  they  are  quite  healthy  and  yearly  produce  many  fruits.  There  are 
spontaneous  self- seeded  seedlings  (H&S  5670)  and  saplings  produced  in  the  yard  but  the 
homeowner  finds  them  (as  well  as  the  fruits)  objectionable  and  removes  them.  Hopefully 
these  magnificant  trees  will  not  be  destroyed. 

The  Illinois  big  tree  champion,  Acer  nigrum,  in  Graham  cemetery,  Bear  Creek  Township 
about  8  miles  south  of  Carthage  (H&S  5781,  5782)  is  alive  but  in  a  serious  state  of 
decline  with  dead  limbs,  lost  branches  and  rot  in  branch  stubs  and  at  the  base  of  the  trunk. 
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Henderson-Dc/p/zm/wm  carolinianum  var.  crispum  was  collected  with  white  (H&S 
5780)  as  well  as  the  usual  blue  (H&S  5779)  flowers. 

Macon— Thanks  to  Jan  Prater,  a  Cuba,  Illinois  biology  teacher,  a  collection  of  47 
specimens  (=species)  collected  mostly  in  spring  at  Oreana  in  1894  was  given  to  MWI  in 
1987.  The  species  listed  alphabetically  are:  Anemone  canadensis  L.  (as  A. 
pennsylvanica );  Aquilegia  canadensis  L.;  Arisaema  triphyllum  (L.)  Schott;  Asarum 
canadense  L.;  Baptisia  leucophaea  Nutt.;  Camas sia  scilloides  (Raf.)  Cory  (as  Scilla 
fraseri );  Capsella  bursa-pastoris  (L.)  Medic.;  Claytonia  Virginia  L.;  Comandra 
umbellata  (L.)  Nutt.;  Cypripedium  parviflorum  Salisb.;  Delphinium  tricorne  Michx.; 
Dentaria  laciniata  Muhl.;  Erythronium  albidum  Nutt.;  Euphorbia  cyparissias  L.; 
Fragaria  virginiana  Duchesne;  Geranium  maculatum  L.;  Hedyotis  purpurea  (L.)  Torn  & 
Gray  var.  calycosa  (Gray)  Fosberg  (as  Houstonia  angustifolia );  Hypoxis  hirsuta  (L.) 
Coville  (as  Hypoxys  erecta);  Isopyrum  biternatum  (Raf.)  Torn  &  Gray;  Krigia  biflora 
(Walt.)  Blake  (as  Cynthia  Virginia );  Lithospermum  canescens  (Michx.)  Lehm.;  Malus 
ioensis  (Wood)  Britt,  (as  Pyrus  angustifolia );  Mertensia  Virginia  (L.)  Pers.; 
Nothoscordum  bivalve  (L.)  Britt,  (as  Allium  striatum );  Oxalis  violacea  L.;  Penstemon 
pallidus  Small  (as  Pentstemon  (pubescensl));  Phlox  divaricata  L.  ssp.  laphamii  (Wood) 
Wherry  (as  P.  divaricata );  Phlox  pilosa  L.;  Podophyllum  peltatum  L.;  Polygonatum 
commutatum  (Schult.)  A.  Dietr.  (as  P.  biflorum)\  Potentilla  simplex  Michx.  (as  P. 
canadensis );  Prunus  serotina  Ehrh.;  Ranunculus  abortivus  L.;  Ranunculus  fascicularis 
Muhl.;  Robinia  pseudoacacia  L.  (as  R.pseudacacia)\  Rubus  flagellaris  Willd.  (as  R. 
canadensis );  Sanguinaria  canadensis  L.;  Smilacina  racemosa  (L.)  Desf.;  Staphylea 
trifolia  L.;  Taraxacum  officinale  Weber  (as  T.  dens-lionis );  Thalictrum  thalictroides  (L.) 
Eaves  &  Boivin  (as  T.  anemonoides );  Trade scantia  virginiana  L.  (as  T.  virginicae ); 
Trillium  nivale  Riddell;  Trillium  re curvatum  Beck;  Uvularia  grandiflora  Sm.;  Viola 
pubescens  Ait.  var.  eriocarpa  (Schewein.)  Russell  (as  V.  pubescensf  and  Viola  sororia 
Willd.  (as  V.  cucullata ).  These  specimens  were  found  in  an  old  school  file  cabinet  that 
was  being  cleaned  out.  Unfortunately,  the  collector  is  unknown  but  it  is  speculated  that 
he/she  may  have  been  a  teacher  or  student  at  the  school  at  one  time. 

McDonough -Aesculus  flava ,  cited  as  A.  octandra ,  is  attributed  to  the  county  by 
McClure  Engineering  Associates,  Inc.  (1988),  but  this  unvouchered,  rare  southern  Illinois 
species  is  not  confirmed  and  is  probably  a  misidentification  for  A.  glabra.  A  viviparous 
specimen  of  Trade  scantia  ohiensis  (U&S  5705)  was  collected  in  1986.  In  1989  in  a 
planted  prairie  among  many  typical  plants  (H&S  5893-5895),  there  was  a  small  clump  of 
Sorghastrum  nutans  plants  with  both  spikelets  of  the  pair  being  formed  (H&S  5890- 
5892).  The  plants  drew  attention  since  the  inflorescence  was  shorter,  denser  and  darker. 
The  flowering  clumps  were  present  again  in  1990. 

With  the  revision  of  Illinois  endangered  and  threatened  species  (Illinois  Endangered 
Species  Protection  Board,  1989),  McDonough  County  now  has  known  to  be  extant  no 
threatened  and  only  one  endangered  species,  Tradescantia  bracteata.  The  only  site  left  for 
this  species  is  about  a  25  square  foot  area  on  a  degraded  prairie  remnant  in  Lamoine 
Township  which  thanks  to  the  cooperation  of  the  owner,  Harold  Daniels,  is  being 
preserved.  The  other  site  along  an  abandoned  railroad  in  Walnut  Grove  Township  was 
plowed  up  in  1988. 
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Henry  (1985)  noting  the  status  of  Marsilea  quadrifolia ,  stated  that  at  its  only  known 
county  location,  Spring  Lake,  recent  observations  showed  that  it  was  decreasing  and  in 
1986  there  was  none  below  the  dam.  That  there  was  much  of  it  present  in  1988  and  only 
scattered  small  patches  in  1990  indicate  that  its  population  is  variable. 

Henry  (1987)  discusses  an  early  collection  of  McDonough  County  vascular  plants,  the 
Teresa  Ferster  plant  collection,  and  lists  1 18  taxa  donated  to  MWI  in  1983.  In  1987  she 
donated  15  additional  specimens  which  she  did  not  donate  in  1983  because  she  wanted  to 
keep  some  of  the  collection  herself  but  in  1987  decided  she  had  no  use  for  them  at  her 
home:  Achillea  millefolium ,  Amaranthus  blitoides  =  A.  graecizans,  Baptisia  leucantha , 
Delphinium  ajacis,  Equisetum  (laevigatum),  Leonurus  cardiaca ,  Malva  rotundifolia , 
Medicago  lupulina ,  Medicago  sativa ,  Melilotus  alba ,  Potentilla  canadensis  =  P.  simplex , 
Tdia  americana ,  Tilia  cor  data ,  Trade scantia  reflexa  -  T.  ohiensis ,  Trifolium  pratense . 
Inadvertently  omitted  from  the  original  list  was  Betula  pendula  (perhaps  B.  papyrifera). 
These  16  additions  result  in  a  total  of  134  taxa  in  her  collection.  Tilia  americana  and 
Potentilla  simplex  (as  P.  canadensis )  should  be  added  to  the  plants  collected  by  her  in 
1928  in  Ferster  Woods  listed  in  Henry  &  Scott  (1985,  p.  67). 

SUMMARY 

1.  Fifty-five  new  Illinois  vascular  plant  county  records  are  presented  of  which 
Carthamus  tinctorius  L.  and  Myriophyllum  spicatum  L.  are  state  records. 

2.  The  only  known  extant  population  of  the  endangered  Viola  viarum  is  doing  well  in 
Adams  County. 

3.  The  Triticum  aestivum  record  for  Fulton  County  is  Henry  &  Scott  collection 
numbers  5803,  5804,  and  5805. 

4.  A  white-flowered  Delphinium  carolinianum  var.  crispum  was  collected  in  Henderson 
County. 

5 .  Alien  species  are  now  13%  of  the  floating  and  submerged  aquatic  vascular  species  and 
21.4%  of  only  the  submerged  species  in  the  Hancock  County  section  of  the 
Mississippi  River.  The  increasing  population  of  aquatic  and  wetland  aliens  could  be 
a  threat  to  the  well-being  of  this  ecosystem.  During  the  wet  year  of  1990, 
accompanied  by  much  sedimentation,  the  Mississippi  River  aquatic  vascular  flora 
was  drastically  reduced. 

6.  Only  one  live  tree  and  no  seedlings  remain  at  the  Wildcat  Springs  Park,  Hancock 
County  site  of  the  Scotch  Pines  planted  in  the  mid- 1800's  by  H.  D.  Brown,  Sr.  and 
which  self-seeded. 

7.  There  are  two  old,  seemingly  healthy  and  fruit  producing  Castanea  dentata  trees  in 
Dallas  City,  Hancock  County. 

8.  The  Illinois  big  tree  champion  Acer  nigrum  in  Hancock  County  is  in  a  serious  state 
of  decline. 

9.  MWI  has  received  47  species  of  an  1894  collection  of  Macon  County  plants  made  by 
an  unknown  collector. 

10.  An  unvouchered  citation  for  Aesculus  flava  in  McDonough  County  is  probably  a 
misidentification  of  A.  glabra. 

1 1 .  A  viviparous  Tradescantia  ohiensis  was  collected  in  McDonough  County. 

12.  Sorghastrum  nutans  with  both  spikelets  of  the  pair  being  formed  was  collected  in 
McDonough  County. 

13.  Marsilea  quadrifolia  population  varies  annually  in  Spring  Lake,  McDonough  County. 
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14.  Sixteen  additions  have  been  made  to  the  Ferster  collection,  an  early  (1928)  collection 
of  McDonough  County  vascular  plants  making  a  total  of  134  taxa. 

15.  With  the  1989  revision  of  Illinois  endangered  and  threatened  species,  McDonough 
County  now  has  no  known  extant  threatened  and  only  one  endangered  species,  a 
small  population  of  Tradescantia  bracteata. 
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ABSTRACT 

A  population  of  Calycanthus  floridus  L.  was  found  in  a  mesic,  wooded  ravine  at  Pere 
Marquette  State  Park,  Jersey  County,  Illinois.  Strawberry  shrub,  which  is  native  to  the 
coastal  plain  of  the  southeastern  United  States,  is  now  naturalized  in  Illinois.  This 
species  has  the  potential  of  becoming  a  major  plant  pest,  particularly  in  the  southern  part 
of  Illinois. 


FINDINGS 

Calycanthus  floridus  L.  (Strawberry  Shrub,  Carolina  Allspice),  a  species  of  the  coastal 
plain  of  the  southeastern  United  States,  is  found  in  rich,  moist  woods  from  Florida  to 
Mississippi  and  north  to  Virginia  and  West  Virginia  (Femald,  1950).  It  is  occasionally 
used  as  an  ornamental  in  the  eastern  United  States  (Bailey,  1949),  can  be  planted  as  far 
north  as  southern  Michigan  (Flint,  1983),  and  sometimes  escapes  (Fernald,  1950).  This 
taxon  was  first  reported  from  Illinois  by  Mohlenbrock  (1975),  who  collected  a  specimen 
on  an  open,  wooded  slope  at  the  Midland  Hills  Country  Club,  Jackson  County,  about 
four  miles  south  of  Carbondale  just  off  of  old  U.S.  51.  Cultivated  specimens  occur  in 
the  area,  and  this  "wild"  individual  undoubtedly  represents  an  escape  (Mohlenbrock, 
personal  communication). 

In  the  spring  of  1989  one  of  the  authors  (KDA)  collected  a  flowering  specimen  of 
Calycanthus  floridus  at  the  edge  of  the  Ravine  Trail,  Pere  Marquette  State  Park,  Jersey 
County,  Illinois  (SE1/4  Sec  9  T6N  R13W).  At  this  site,  located  about  250  m  from  the 
beginning  of  the  trail  in  a  steep-sided,  wooded  ravine,  was  a  small  colony  of  this  species. 
This  colony  extended  along  the  west  side  of  the  trail  for  about  45  m,  and  varied  from  5  m 
to  nearly  12  m  in  width.  Many  individuals  of  strawberry  shrub  occurred  in  scattered 
clumps,  and  a  few  of  these  individuals  were  more  than  2.5  m  tall.  Most  were  smaller, 
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and  appeared  to  be  root  sprouts  from  the  extensive  horizontal  root  systems  of  larger 
individuals.  When  the  colony  was  examined  in  the  fall  of  1989,  one  fruiting  specimen 
(Ebinger  #25161,  EIU)  was  observed,  while  in  the  fall  of  1990  no  fruits  were  found. 

The  overstory  at  this  site  was  a  poor  quality,  second  growth  forest  dominated  by 
Fraxinus  pennsylvanica  Marsh,  (green  ash),  Acer  saccharum  Marsh,  (sugar  maple), 
Quercus  prinoides  Willd.  var.  acuminata  (Michx.)  Gl.  (yellow  chestnut  oak)  and  Q.  rubra 
L.  (red  oak).  These  mesic  species  are  typical  of  closed  to  partially  open  canopied  forests 
of  the  hilly  areas  of  west-central  Illinois.  The  estimated  canopy  cover  above  the 
strawberry  shrub  population  was  approximately  85%. 

The  extent  of  the  woody  understory  in  the  area  (less  than  10  cm  dbh)  was  determined 
using  ten  1/1000  ha  circular  plots  located  along  a  line  transect  through  the  strawberry 
shrub  population.  The  dominant  species  observed  was  Calycanthus  floridus,  with  more 
than  11,300  stems/ha.  Other  common  components  included  Asimina  triloba  (L.)  Dunal 
(4,500  stems/ha),  and  Lindera  benzoin  (L.)  Blume  (1,000  stems/ha).  Species  that  were 
occasionally  encountered  in  the  plots  included  Acer  saccharum  Marsh.,  Euonymus 
atropurpurea  Jacq.,  Hydrangea  arborescens  L.  and  Comus  florida  L.  Most  of  these 
understory  woody  species  were  less  than  3  m  tall  and  rarely  exceeded  3  cm  dbh. 

Calycanthus  floridus  appears  to  be  well  established  at  this  one  site  in  Pere  Marquette 
State  Park,  but  attempts  to  locate  it  at  similar  sites  in  and  around  the  park  have  failed. 
Also,  no  cultivated  individuals  of  this  species  were  encountered  anywhere  in  the 
surrounding  area.  It  is  possible  that  this  species  had  been  planted  around  the  lodge  or 
other  buildings  in  the  park,  but  these  specimens  have  died  out  or  have  been  removed  in 
recent  years. 

Presently  alien  taxa  make  up  more  than  20%  of  the  vascular  flora  of  Illinois  (Henry  and 
Scott,  1980).  Many  are  not  problem  species,  rarely  occurring  in  natural  communities.  A 
few,  however,  have  become  major  plant  pests  (Ebinger,  1983).  Calycanthus  floridus  has 
the  potential  of  belonging  to  this  latter  group.  It  grows  well  in  open  mesic  forests,  and 
once  established,  probably  can  increase  by  root  suckers.  Furthermore,  it  produces  flowers 
and  sets  fruits  under  shaded  conditions,  and  it  can  tolerate  the  winters  throughout  most  of 
Illinois  (Hint,  1983). 
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ABSTRACT 

Muhlenbergia  sobolifera ,  a  rhizomatous,  perennial  C4  grass,  is  restricted  to  understory 
areas  which  have  cooler  temperatures  than  are  common  in  the  habitats  of  the  majority  of 
C4  species.  The  purpose  of  the  present  study  was  to  examine  the  responses  of  rhizome 
regrowth  and  biomass  production  to  temperatures  lower  than  optimal  for  C4  species 
(10°C,  15°C  and  20°C)  and  compare  them  to  responses  at  30°C,  more  often  favorable  for 
plants  utilizing  the  C4  photosynthetic  pathway. 

Timing  of  emergence  from  rhizomes,  stem  number  and  height,  biomass,  and  shoot/root 
ratios  were  measured  in  plants  of  Muhlenbergia  sobolifera  grown  at  each  temperature 
regime.  Shoots  emerged  more  quickly  from  rhizomes  as  growth  temperature  increased. 
Plants  produced  more  stems,  greater  total  stem  height,  and  more  biomass  at  20°C  than  at 
any  other  temperature  regime.  Proportional  biomass  allocation  to  shoots  increased  with 
temperature  up  to  20°C  and  then  remained  unchanged.  These  responses  to  growth 
temperature  may  be  important  adaptations  which  contribute  to  the  survival  of 
Muhlenbergia  sobolifera  in  relatively  cool,  deeply  shaded  understory  habitats  in  the 
hardwood  forests  of  the  United  States.  Maximum  growth  at  20°C,  10-15°C  lower  than 
for  many  high-light  C4  grasses,  may  result  in  maximization  of  photosynthetic  surface 
area  at  temperatures  similar  to  those  in  early  spring  before  the  forest  canopy  closes. 
Early  production  of  large  stem  and  leaf  structures  would  enhance  photosynthetic  activity 
throughout  the  summer  in  which  low  levels  of  diffuse  light  are  interrupted  only  by 
intermittent  sunflecks.  Maturation  and  inflorescence  production  in  plants  grown  at  10°C, 
15°  and  20°C  were  slower  than  at  30°C,  which  may  result  in  an  extended  growing  season, 
delaying  seed  production  until  October  when  temperatures  are  cooler  and  the  forest  canopy 
more  open. 

INTRODUCTION 

Geographical  distribution  of  grasses  is  known  to  be  correlated  with  photosynthetic 
pathways  (Chazdon  1978;  Hattersley  1983;  Rundel  1980;  Teeri  and  Stowe  1976;  Tieszen 
et  al.  1979;  Vogel  et  al.  1986),  but  there  is  little  consensus  concerning  which 
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environmental  factor  is  most  important  in  establishing  this  relationship  (Batanouny  et  al. 
1988;  Teeri  and  Stowe  1976;  Tiezsen  et  al.  1979;  Barnes  and  Harrison  1982). 

Based  on  the  physiological  characteristics  of  the  C4  pathway  (high  temperature  optimum 
for  photosynthesis,  lack  of  photosynthetic  saturation  with  respect  to  light,  absence  of 
apparent  photorespiration,  and  high  water-use  efficiency;  Black  1971),  it  has  been  inferred 
that  C4  plants  are  optimally  adapted  to  climates  which  are  hot,  dry,  and  sunny.  However, 
an  increasing  number  of  C4  species  have  been  reported  from  cool  (Caldwell  et  al.  1977; 
Rundel  1980;  Potvin  et  al.  1985),  shaded  (Winter  et  al.  1980;  Pearcy  1983;  Ward  and 
Woolhouse  1986;  Smith  and  Martin  1987),  and  moist  habitats  (Rundel  1980;  Pearcy 
1983;  Pendergrast  1989). 

Muhlenbergia  sobolifera  is  a  rhizomatous,  perennial  grass  which  grows  in  the  understory 
of  hardwood  temperate  forests  in  North  America  (Pohl  1969).  It  possesses  Kranz 
anatomy,  low  interveinal  distances,  low  lateral  cell  counts,  late  season  flowering,  and 
carbon  isotope  ratios  typical  of  C4  plants  (Smith  and  Martin  1987a).  It  is  the  most 
shade-tolerant  C4  species  reported,  occuring  in  deeply  shaded  understory  habitats  (<10% 
full  sun),  and  yet,  when  grown  in  the  laboratory,  this  species  demonstrated  higher 
photosynthetic  rates  and  produced  more  biomass  at  light  levels  10  times  greater  (Smith 
and  Martin  1987  a,b).  The  temperate  forest  habitats  in  which  M.  sobolifera  occurs 
experience  lower  maximum  temperatures  during  summer  than  the  surrounding  high- 
insolation  prairies.  Muhlenbergia  sobolifera  begins  above-ground  growth  in  March 
before  the  forest  canopy  closes,  when  temperatures  are  near  0°C,  and  completes  seed 
production  in  October  when  the  canopy  is  again  more  open  (M.  Smith,  personal 
observation). 

Generally,  plants  native  to  cooler  habitats  exhibit  optimum  photosynthesis  and  growth  at 
lower  temperatures  than  plants  native  to  warmer  environments  (Berry  and  Bjorkman 
1980).  Due  to  the  early  spring  emergence  of  M.  sobolifera ,  and  its  occurrence  in 
relatively  cool,  low-light  habitats,  it  was  hypothesized  that  this  species  would  exhibit  a 
lower  optimum  temperature  for  growth  than  the  characteristic  30-45°C  reported  for  most 
C4  grass  species  (Ludlow  1976;  Gifford  1974;  Ehleringer  1978;  Kemp  and  Williams 
1980). 

The  purpose  of  this  investigation  was  to  determine  the  effect  of  temperature  on  rhizome 
regrowth  of  M.  sobolifera .  Time  of  shoot  emergence  from  rhizomes,  total  height  and 
biomass  were  measured  and  inflorescences  counted. 

MATERIALS  AND  METHODS 

Rhizomes  of  M.  sobolifera  were  collected  from  the  understory  of  an  oak-hickory  forest  14 
km  S  of  Lawrence,  KS  (Douglas  Co.).  The  population  is  on  a  steep  bank  above  a 
stream;  soil  is  clayey  and  is  covered  with  a  thick  layer  of  leaf  litter,  closely  underlain  by 
a  limestone  substrate.  Several  large  trees  {Que reus  rubra,  Q.  alba,  and  Ulmus  rubra) 
shade  the  population.  During  the  summer,  photon  flux  density  (PFD)  in  this  understory 
area  is  approximately  10-25  umol  nr2s-1,  but  transitory  sunflecks  occur  throughout  the 
day  (Smith  and  Martin  1987a).  Muhlenbergia  sobolifera  is  the  only  grass  in  the  area, 
growing  among  more  typical  understory  species:  Adiantum  pedatum ,  Sanicula 
canadensis,  and  Thuidium  delicatulum. 
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For  the  present  study,  plants  were  collected  on  January  7,  1988,  placed  in  plastic  bags 
with  adequate  moisture,  and  kept  cool  while  being  transported.  Upon  arrival  at  Southern 
Illinois  University,  rhizomes  were  washed  clean  of  the  original  soil,  shoots  removed,  and 
rhizomes  placed  in  flats  lined  with  moist  Promix  potting  soil  (Premier  Brands,  Inc.,  New 
Rochelle,  N.Y.).  Rhizomes  for  all  growth  temperature  regimes  were  stored  at  4°C  in  a 
cold-room  until  needed.  A  series  of  growth  experiments  conducted  from  1983-1985 
showed  no  evidence  of  changes  in  biomass  production  or  photosynthetic  rates  in  plants 
grown  at  different  intervals  after  collection  when  rhizomes  had  been  stored  in  the  dormant 
state  (Smith  and  Martin  1987  a,b). 

Rhizomes  were  removed  from  the  cold-room,  individually  weighed,  and  planted  in  168 
cm3  pots  with  Promix  (pH  7.1,  closely  resembling  the  7.3  measured  in  soil  from  the 
collection  site).  Rhizomes  were  placed  just  below  the  soil  surface  (simulating  their 
position  in  nature)  and  placed  in  a  Sherer  growth  chamber  (Model  CEL-7HL).  Four 
separate  groups  of  rhizomes  were  potted,  each  approximately  Five  weeks  apart.  Each 
group  was  exposed  to  a  different  temperature  regime  (variation  in  temperature  across  the 
growth  area  for  day/night  stated  parenthetically  for  the  following  temperature  settings): 
10°C  (10.5  ±  1.1  /  9.1  ±  0.5),  15°C  (15.4  ±  1.1  /  12.8  ±  0.7),  20°C  (22.5  ±  1.3  /  19.1 
±  0.6),  or  30°C  (32.5  ±  1.3  /29.9  ±  0.6).  Due  to  the  death  of  3  plants  in  two  of  the 
treatment  groups,  sample  sizes  at  the  termination  of  the  experiment  were  as  follows:  25 
at  10°C  and  20°C;  and  22  at  15°C  and  30°C. 

Plants  were  placed  in  the  growth  chamber  immediately  after  potting,  kept  well-watered 
with  deionized  water,  given  100  ml  of  1 /4-strength  Hoagland's  solution  (Hoagland  and 
Amon  1938)  weekly.  Pots  were  moved  every  day  in  a  clockwise  pattern  to  reduce  the 
position-effect  caused  by  variability  in  environmental  conditions  in  different  areas  of  the 
growth  chamber.  Photon  flux  density  was  maintained  at  500±  1 5  umol  m-2  s'1  at  the 
tops  of  the  plants  by  adjusting  growth  shelves.  Photoperiod  was  12  h  light/ 12  h  dark 
and  relative  humidity  40%  day/50%  night.  Temperature,  PFD,  and  humidity  were 
continuously  recorded  by  a  Weathertronics  hygrothermograph  (Model  5020)  and  a  LI- 1000 
datalogger  (LI-COR,  Lincoln,  Neb)  and  quantum  sensor  (LI-COR  190SA).  Time  of 
emergence  was  the  number  of  days  from  planting  until  the  shoots  emerged. 

Plants  from  all  growth  regimes  except  10°C  were  harvested  30  days  after  emergence  when 
shoots  were  mature  and  exhibited  evidence  of  developing  inflorescences.  Shoots  grown  at 
10°C  developed  slowly  and  were  allowed  to  grow  for  38  days  until  the  first  signs  of 
inflorescence  production  were  noted.  Plants  were  removed  from  the  growth  chamber, 
number  and  height  of  stems  recorded  and  inflorescences  counted.  Rhizomes  (including 
attached  roots)  and  shoots  were  separated,  placed  in  an  oven  at  80°C,  and  weighed  after  8 
days. 

Because  rhizomes  varied  in  size,  all  biomass  data  were  statistically  analyzed  using 
analysis  of  covariance  (MANOVA  SPSSX)  with  the  initial  rhizome  weight  as  the 
covariate  (Smith  and  Martin  1987a;  Sokal  and  Rohlf  1981).  The  temperature  at  which 
plants  were  grown  was  the  independent  variable.  Day  of  emergence,  number  of  stems  per 
rhizome,  mean  total  dry  weight,  and  total  height  (calculated  as  the  mean  of  the  total 
length  of  all  shoots  arising  from  each  rhizome),  were  the  dependent  variables.  The 
resulting  adjusted  means  were  compared  for  significant  difference  using  Hochberg's  GT2 
statistic.  This  method  uses  studentized  maximum  modulus  distribution  and  is 
recommended  when  sample  sizes  are  different  (Sokal  and  Rohlf  1981).  In  case  of 
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significant  differences  in  mean  values,  P<0.05  unless  otherwise  stated.  Shoot/root  ratios 
were  calculated  using  adjusted  means  and  included  all  below-ground  biomass  as  "roots". 
An  arcsine  transformation  was  performed  before  shoot/root  data  were  statistically  analyzed 
to  normalize  the  data. 


RESULTS 

The  mean  number  of  days  required  for  shoot  emergence  decreased  with  increase  in  growth 
temperature  (Fig.  1).  The  differences  were  statistically  significant,  except  between  20°C 
and  30°C. 

Plants  grown  at  20°C  produced  significantly  more  stems  (Fig.  2)  than  plants  at  any  other 
growth  temperature.  There  were  no  differences  in  the  mean  number  of  stems  produced  in 
plants  grown  at  15°C  versus  30°C,  and  plants  grown  at  10°C  produced  significantly  fewer 
stems  than  plants  at  20°C  or  30°C. 

Mean  plant  height  was  significantly  greater  at  20°C  (Fig.  3)  than  at  any  other  growth 
temperature.  Height  of  plants  at  30°C  was  significantly  greater  than  height  of  plants 
grown  at  10°C  or  15°C,  but  only  62%  of  the  the  mean  plant  height  at  20°C.  Results  for 
dry  weight  (Fig.  4)  were  consistent  with  those  for  height.  Shoot/root  ratios  (Fig.  5) 
increased  significantly  with  increase  in  growth  temperature  from  10°C  to  20°C,  but 
remained  unchanged  from  20°C  to  30°C. 

Only  plants  grown  at  30°C  (8  out  of  22)  produced  mature  inflorescences  by  the  end  of  the 
growth  period. 


DISCUSSION 

The  successful  emergence  of  M.  sobolifera  from  rhizomes  at  10°C  is  consistent  with  its 
performance  in  understory  areas  in  Kansas,  Missouri,  and  Illinois,  where  emergence  in 
the  field  usually  occurs  in  March  (personal  observation).  The  heavy,  sprawling  rhizomes 
containing  stores  of  carbon  necessary  for  re-emergence  are  located  close  to  the  soil 
surface,  and  are  likely  to  respond  more  quickly  to  changes  in  air  temperature  than  roots 
(Antos  1988).  The  initiation  of  shoot  growth  at  cool  spring  temperatures,  before  the 
forest  canopy  has  closed,  may  contribute  significantly  to  the  success  of  this  species  in 
establishing  substantial  aboveground  biomass  before  light  levels  decrease.  Successful 
emergence  at  relatively  cool  temperatures  effectively  extends  the  portion  of  the  growing 
season  when  insolation  is  unimpeded  by  the  forest  canopy.  During  this  period  M. 
sobolifera  produces  a  large  aboveground  structure,  maximizing  interception  of  sunlight 
throughout  a  summer  of  low  levels  of  diffuse  light  and  occasional  sunflecks. 

Production  of  structural  material  was  significantly  greater  at  20°C  than  at  any  other 
growth  temperature.  This  results  in  greater  biomass,  as  well  as  more  and  taller  stems 
produced  per  rhizome.  Due  to  the  biochemical  properties  of  the  C4  metabolic  pathway 
(Black  1971),  one  would  expect  higher  biomass  production  in  C4  species  at  30°C 
compared  to  20°C.  This  has  been  demonstrated  for  several  C4  grasses  (Glasziou  et  al. 
1965;  Kawanabe  1968;  Dunkin  and  Hesketh  1968;  Kemp  and  Williams  1980),  but 
Hardacre  and  Turnbull  (1986)  reported  greater  leaf  area  and  dry  weight  production  at  20°C 
than  at  28°C  in  Zea  mays . 
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In  the  present  study,  plants  of  M.  sobolifera  grown  at  30°C  exhibited  visible  signs  of 
senescence  (maturation  of  inflorescences  and  yellowed  leaves).  All  plants  from  this 
temperature  regime  possessed  noticeable  red  pigmentation  in  the  leaves  which  we 
presumed  were  anthocyanins,  but  identification  was  not  verified.  The  production  of 
anthocyanins  has  been  associated  with  increased  temperatures  and  senescence  in  marigolds 
(Armitage  and  Carlson  1981).  Apparently,  M.  sobolifera  develops  and  senesces  more 
quickly  at  higher  temperatures,  completing  its  vegetative  and  reproductive  growth  in  a 
short  time  (30  days  in  the  present  study).  This  developmental  pattern  has  been  observed 
in  prairie  grasses,  and  is  the  basis  for  niche  differentiation  in  Agropyron  smithii  (C3)  and 
Bouteloua  gracilis  (C4),  species  which  co-occur  in  the  western  plains  (Kemp  and 
Williams  1980).  Bouteloua  gracilis  remains  dormant  in  the  cool,  early  spring  days, 
completing  its  vegetative  growth  during  the  hottest  time  of  the  summer  when  C3  grasses 
are  no  longer  competing  for  water  and  nutrients.  For  M.  sobolifera ,  however,  which  is 
not  exposed  to  high  levels  of  insolation  during  the  hottest  days  of  the  summer,  early 
emergence  and  prolonged,  slow  development  under  cool  conditions  are  more  advantageous 
than  a  rapid  growth  response  at  higher  temperatures.  Maintenance  of  metabolic  activity 
for  an  extended  period  of  time  at  moderate  temperatures,  and  delay  of  inflorescence 
production  until  fall  when  the  forest  canopy  is  again  relatively  open,  appear  to  be 
successful  physiological  and  phenological  adaptations  to  cool  understory  habitats. 

Several  studies  have  reported  increased  carbon  allocation  to  aboveground  biomass,  instead 
of  roots  and  rhizomes,  in  shade-adapted  plants  in  response  to  decreasing  PFD  (Boardman 
1977;  Bjorkman  1981).  Such  development  results  in  proportionally  greater  leaf 
production,  maximizing  light-harvesting  surfaces  in  the  plants.  Little  has  been  reported 
concerning  the  effects  of  temperature  on  shoot  versus  root  development  in  C4  species. 
However,  Hardacre  and  Turnbull  (1986),  in  their  study  of  Zea  mays ,  reported  that  the 
relative  allocation  of  carbon  to  shoots  increased  as  growth  temperature  increased  from 
16°C  to  28°C.  In  a  high-light  C4  species  such  as  Zea  mays,  the  significance  of  this 
change  in  carbon  allocation  is  not  clear,  as  maximum  leaf  area  and  biomass  were 
produced  at  an  intermediate  temperature,  but  maximum  growth  rate  occurred  at  28°C.  In 
M.  sobolifera ,  shoot/root  ratios  increase  and  then  stabilize  at  20°C,  at  which  temperature 
biomass  production  is  greatest.  This  pattern  of  carbon  allocation  may  be  important  to 
the  survival  of  M.  sobolifera  in  understory  habitats.  A  large  shoot/root  ratio  at  20°C  is 
consistent  with  the  exploitation  of  the  high-light  period  for  maximum  above-ground 
growth  in  spring  before  canopy  closure. 

SUMMARY 

Muhlenbergia  sobolifera  possesses  morphological,  phenological,  and  physiological 
characteristics  which  may  contribute  to  its  survival  in  cool,  shaded  understory  habitats. 
Its  large,  sprawling  rhizomes,  containing  stored  carbon  necessary  for  re-emergence,  lie 
close  to  the  soil  surface  and  respond  quickly  to  warming  air  temperatures  in  early  spring. 
Optimal  stem,  leaf,  and  biomass  production  occur  at  20°C,  resulting  in  maximal 
photosynthetic  potential  developing  before  the  forest  canopy  closes.  Spring  carbon 
allocation  to  above-ground  biomass  and  sustained  growth  and  development  over  an 
extended  period  allow  the  plants  to  remain  metabolically  active  until  flower  production  is 
initiated  and  seed  development  completed  in  the  relatively  open  fall  canopy.  This  suite  of 
characteristics  may  be  important  in  the  survival  of  M.  sobolifera  in  its  forest  understory 
habitat. 
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Fig.  1.  Number  of  days  from  day  of  planting  to  shoot  emergence  from  rhizomes  grown 
under  four  temperature  regimes.  Bars  with  different  letters  are  statistically 
different  (P<0.05). 
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Fig.  2.  Number  of  stems  produced  by  each  rhizome  grown  under  four  temperature 
regimes.  Bars  with  different  letters  are  statistically  different  (P<0.05). 
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Fig.  3.  Mean  total  height  produced  by  each  rhizome  grown  under  four  temperature 
regimes.  Bars  with  different  letters  are  statistically  different  (P<0.05). 


Fig.  4.  Mean  total  dry  weight  produced  by  each  rhizome  grown  under  four  temperature 
regimes.  Bars  with  different  letters  are  statistically  different  (P<0.05). 
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Fig.  5.  Shoot/root  ratios  for  plants  grown  under  four  temperature  regimes.  Bars  with 
different  letters  are  statistically  different  (P<0.05). 
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ABSTRACT 

Habitat  and  refuge  use  by  wintering  and  migrating  Canada  geese  ( Branta  canadensis )  of 
the  Mississippi  Valley  Population  (MVP)  were  studied  October-February  1984-87  at 
Union  County  Conservation  Area  (CA)  and  Rend  Lake  in  southern  Illinois,  and  October- 
December  and  March-April  1984-1986  at  Horicon  National  Wildlife  Refuge  (NWR)  in 
Wisconsin.  Use  of  refuges  increased  (P  <  0.05)  during  hunting  seasons  in  southern 
Illinois  where  hunting  was  relatively  intense,  but  did  not  increase  (P  =0.16)  near 
Horicon  NWR  where  hunting  was  less  intense.  Habitat  use  varied  among  years  and 
seasons  in  response  to  changes  in  habitat  availability,  weather,  disturbance,  physiological 
needs,  and  other  factors.  Use  of  winter  wheat  and  alfalfa/clover  fields  was  highest  (P  < 
0.05)  in  fall,  use  of  lakes  was  highest  (P  <  0.05)  in  winter,  and  use  of  lowland  pastures 
was  highest  (P  <  0.05)  in  spring.  Lake  and  winter  wheat  habitats  were  used  more  (P  < 
0.01)  than  available,  while  soybean  and  milo  fields  were  used  less  (P  <  0.01)  than 
available  in  southern  Illinois.  Near  Horicon  NWR,  proportional  use  of  shallow  wetlands 
exceeded  (P  <  0.01)  their  availability.  Grain,  green  forage,  shallow  wetland,  and  lake 
habitats  should  be  made  available  to  Canada  geese  during  migration  and  wintering. 
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INTRODUCTION 

Understanding  seasonal  patterns  of  habitat  and  refuge  use  is  a  necessary  step  toward 
controlling  habitat  conditions  to  influence  survival  and  reproduction  of  migratory  Canada 
geese.  Changes  in  nutritional  needs,  disturbance,  and  weather  can  affect  habitat  and 
refuge  use  (McLandress  and  Raveling  1981,  Zicus  1981,  Frederick  and  Klaas  1982). 
Habitat  availability  influences  diet  (Alisauskas  et  al.  1988)  which  may  then  affect 
physiological  condition  (Delnicki  and  Reinecke  1986,  Gates  1989)  and  in  turn  survival 
(Burnham  and  Nichols  1985,  Haramis  et  al.  1986,  Hepp  et  al.  1986)  and  reproduction 
(Harvey  1971,  Ankney  and  Maclnnes  1978,  Raveling  1978).  Refuge  use  can  also  affect 
survival  of  Canada  geese  during  hunting  (Zicus  1981). 

MVP  Canada  geese  depart  nesting  areas  in  the  Hudson  and  James  Bay  lowlands  in 
September  and  October  (Tacha  et  al.  1991).  About  75%  stop  and  remain  at  or  near 
Horicon  NWR  in  east  central  Wisconsin  until  early  December  when  they  depart  for 
wintering  areas.  The  remaining  25%  bypass  Wisconsin  and  migrate  directly  to  wintering 
areas  in  and  near  southern  Illinois  (Kennedy  and  Arthur  1974,  Tacha  et  al.  1991).  Geese 
remain  concentrated  at  Union  County  CA,  Rend  Lake  Refuge,  and  other  refuges  until 
they  depart  during  late -January  or  February  (Tacha  et  al.  1991).  Horicon  NWR  and  other 
areas  in  east  central  Wisconsin  are  major  spring  staging  areas;  geese  are  present  during 
March  and  April  (Tacha  et  al.  1991). 

Our  goal  was  to  describe  seasonal  and  annual  patterns  of  diurnal  habitat  and  refuge  use  by 
MVP  Canada  geese  during  migration  and  wintering,  and  to  identify  environmental  factors 
affecting  diurnal  habitat  use.  Others  (Arthur  1968,  Bell  and  Klimstra  1970,  Reed  et  al. 
1977,  Paine  1985,  Moser  and  Tacha  1989,  Smith  1989)  have  quantified  habitat  use  of 
Canada  geese  at  a  particular  location  or  season,  but  drawing  generalizations  from  these 
studies  is  difficult  because  of  differences  in  methods,  study  sites,  and  other  confounding 
factors.  We  describe  habitat  and  refuge  use  for  the  entire  migration  and  wintering  period 
at  multiple  locations  and  during  multiple  years. 

STUDY  AREA 

Geese  were  observed  during  fall  and  spring  migrations  on  and  adjacent  to  Horicon  NWR 
(43°30'N,  88°40'W),  located  in  east  central  Wisconsin.  Horicon  NWR  occupies  the 
northern  two-thirds  of  the  12,550  ha  Horicon  Marsh.  Horicon  NWR  is  closed  to  goose 
hunting  and  currently  has  no  land  devoted  to  agricultural  crops.  The  southern  one-third  of 
the  marsh  is  managed  by  the  Wisconsin  Department  of  Natural  Resources  and  includes 
both  hunting  and  refuge  areas.  Horicon  NWR  is  a  hub  to  several  satellite  goose 
management  areas  and  lakes  which  receive  considerable  use  by  geese  (Craven  et  al.  1985), 
but  were  not  part  of  the  study  area.  Areas  adjacent  to  Horicon  NWR  are  intensively 
managed  for  dairy  cattle;  corn,  small  grains,  and  hay  crops  dominate  land  use. 

Wintering  geese  were  studied  on  and  near  Union  County  CA  and  Rend  Lake  Refuge  in 
southern  Illinois.  Union  County  CA  (37°35'N,  89°50nW)  is  located  in  the  Mississippi 
River  bottomlands.  Approximately  1,000  ha  of  the  2,150  ha  area  is  planted  in 
agricultural  crops  annually.  The  southern  830  ha  of  Union  County  CA  is  managed  for 
goose  hunting;  the  remainder  is  Union  County  Refuge.  Most  adjacent  lands  are 
intensively  farmed  for  soybeans,  corn,  and  winter  wheat.  Many  of  these  farms  are 
commercial  and  private  (leased)  goose  hunting  clubs. 
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Rend  Lake  Refuge  (38°10'N,  89°00'W)  is  along  the  north  shore  of  Rend  Lake  and  95  km 
northeast  of  Union  County  CA.  The  2,025  ha  refuge  is  composed  of  about  80% 
permanent  water  area  and  15%  cropland.  Rend  Lake  Wildlife  Management  Area  provides 
an  additional  4,400  ha  of  land  and  water  open  to  public  use.  Most  adjacent  property  is 
farmed  for  corn  and  soybeans.  Private  and  commercial  hunting  clubs  operate  along  the 
perimeter  of  the  refuge. 


METHODS 


Sampling  Design 

Diurnal  habitat  use  was  documented  by  driving  survey  routes  during  October-December, 
1984  and  1985,  and  March-April  1985  and  1986  near  Horicon  NWR  and  October- 
February,  1984-85  to  1986-87  near  Rend  Lake  and  Union  County  CA.  Surveys  were  at 
weekly  intervals  except  at  Rend  Lake  in  1985-86  and  1986-87  when  surveys  were 
conducted  twice  weekly. 

The  92  km  survey  route  near  Horicon  NWR  did  not  include  refuge  areas  in  fall,  1984;  in 
subsequent  seasons  it  was  increased  5  km  to  include  a  portion  of  the  refuge. 
Approximately  20%  of  the  71  km  route  on  and  near  Union  County  CA  and  the  120  km 
route  near  Rend  Lake  included  refuge  land.  All  routes  extended  up  to  8  km  from  refuge 
areas. 


Crop  reporting  information  from  the  Agricultural  Stabilization  and  Conservation  Service 
(ASCS)  indicated  that  habitat  composition  in  the  vicinities  of  Union  County  CA  and 
Rend  Lake  Refuge  was  very  similar  to  habitat  composition  along  survey  routes  (Pritchert 
1988,  Caithamer  1989).  An  independent  survey  (Smith  1989)  confirmed  that  habitat 
composition  along  the  Horicon  NWR  survey  route  was  representative  of  the  area. 

Survey  routes  were  driven  3  times/day:  within  the  first  3  hours  after  sunrise,  midday,  and 
during  the  last  3  hours  before  sunset.  Habitats  within  clear  viewing  distance  (usually 
about  0.5  km)  of  each  route  were  inventoried  and  field  conditions  (unharvested,  harvested, 
or  tilled)  were  recorded  weekly.  Number  of  geese,  habitat,  and  land  type  (refuge  or 
nonrefuge)  were  recorded  for  each  flock  encountered.  Precipitation  (yes  or  no),  cloud 
cover  (scale  of  0-2),  snow  cover  (scale  of  0-5),  and  amount  of  pond  ice  (scale  of  0-5)  were 
recorded  during  each  survey.  Temperature  and  wind  speed  data  were  also  obtained  for  each 
survey  from  hourly  records  at  Dane  County  Airport,  Madison,  Wisconsin,  and  Southern 
Illinois  Airport,  Carbondale. 

Habitat  and  Season  Definitions 

Forested,  industrial,  and  residential  areas  were  not  considered  usable  by  geese  and  were 
excluded  from  analyses.  Remaining  areas  were  categorized  into  9  habitat  types:  com, 
soybean,  milo,  winter  wheat  (included  any  field  double  cropped  to  winter  wheat), 
alfalfa/clover,  other  forage  (included  pastures,  fescue  [ Festuca  pratensis ],  and  other  grass- 
dominated  fields),  other  crops  (included  sunflower,  clean-tilled  agricultural  fields,  and 
vegetable  crops),  shallow  wetland  (palustrine  systems),  and  lake  (lacustrine  systems) 
(Cowardin  etal.  1979). 
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The  migrating  and  wintering  period  was  divided  into  5  seasons  to  facilitate  analyses. 
Season  lengths  varied  slightly  each  year  to  correspond  with  ecological  events.  Early  Fall 
was  defined  from  arrival  of  geese  in  early  October  to  beginning  of  goose  hunting  season 
(early  November)  in  southern  Illinois.  The  goose  hunting  season  closely  corresponded 
with  Early  Fall  near  Horicon  NWR.  Late  Fall  began  with  opening  of  southern  Illinois 
goose  hunting  season  and  ended  in  December  after  most  geese  left  Wisconsin  and  arrived 
in  southern  Illinois.  Nearly  all  of  goose  hunting  season  in  southern  Illinois  occurred 
during  Late  Fall.  Early  Winter  ended  in  mid-January  when  temperatures  moderated.  Late 
Winter  ended  when  large  numbers  of  geese  began  to  migrate  north  in  February.  Spring 
corresponded  with  major  goose  use  of  Horicon  NWR  area  from  mid-March  to  mid- April. 
We  collectively  refer  to  Early  and  Late  Fall  as  Fall  and  Early  and  Late  Winter  as  Winter. 
Arrival  and  departure  dates  of  geese  were  documented  by  Tacha  et  al.  (1991). 

Analyses 

Each  survey  route  was  considered  one  sampling  unit  to  calculate  proportional  use  of  each 
habitat.  Proportional  use  was  arc-sine  transformed  (Sokal  and  Rohlf  1969)  and  General 
Linear  Models  (GLM)  (SAS  Inst.  1982)  procedures  tested  effects  of  year  and  season  on 
habitat  use.  Differences  (P  <  0.05)  among  means  were  detected  with  Duncan's  Multiple 
Range  Tests.  Two-tailed  Z- tests  were  used  to  test  null  hypotheses  that  use  of  a  habitat 
equalled  its  availability  on  each  route.  Risks  of  committing  type  I  experimental  errors 
were  reduced  by  using  an  alpha  level  of  0.01. 

Effects  of  environmental  conditions  on  arc- sine  transformations  of  proportional  habitat 
use  were  evaluated  at  each  wintering  location.  Canonical  correlation  analysis  was  first 
used  to  determine  which  habitat  type  accounted  for  most  variation  in  overall  habitat  use. 
Stepwise  multiple  regression  analysis  was  then  used  to  identify  environmental  parameters 
that  were  associated  with  use  of  important  habitats  identified  in  canonical  correlation 
analysis.  Environmental  parameters  tested  were  temperature,  wind  speed,  cloud  cover, 
precipitation,  percent  snow  cover,  amount  of  pond  ice,  corn  stubble  availability,  soybean 
stubble  availability,  and  milo  stubble  availability. 

RESULTS 

Habitat  Availability 

Approximately  3,500  ha  of  habitat  on  the  Union  County  CA  survey  route  was  considered 
usable  by  geese.  Soybean  and  corn  were  the  most  common  habitat  types,  accounting  for 
55-67%  of  available  habitat  (Caithamer  1989).  A  total  of  166  ha  of  soybean  fields  was 
double -cropped  to  winter  wheat  on  Union  County  CA  in  1984-85,  but  no  fields  were 
double -cropped  on  Union  County  CA  in  1985-86  or  1986-87.  About  half  of  all  com  and 
soybean  fields  on  the  survey  route  were  harvested  during  Late  Fall.  Copious  rainfall  and 
wet  soil  conditions  prevented  nearly  all  fall  tillage  at  wintering  locations  in  1984-85. 
Drier  conditions  in  1985-86  and  1986-87  permitted  tilling  of  19-47%  of  com  and  soybean 
fields. 

The  Rend  Lake  survey  route  included  about  6200  ha  of  usable  habitat.  Corn  and  soybean 
were  the  most  common  habitat  types,  comprising  >50%  of  available  habitat  (Pritchert 
1988).  Soybean  fields  on  Rend  Lake  Refuge  were  double-cropped  to  winter  wheat  in 
1986-87,  but  not  in  1984-85  or  1985-86.  Approximately  75%  of  the  com  and  soybean 
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fields  along  the  survey  route  were  harvested  by  Late  Fall.  Harvest  of  refuge  grain  fields 
was  completed  by  beginning  of  Late  Fall  in  1986-87  but  was  not  completed  until  Early 
Winter  in  1984-85  and  1985-86. 

The  Horicon  NWR  survey  route  included  approximately  3,800  ha  of  usable  habitat. 
Corn  was  the  most  abundant,  accounting  for  about  50%  of  usable  habitat  (Caithamer 
1989).  Alfalfa  and  other  forage  habitats  were  also  common. 

Corn  and  soybean  harvest  was  early  and  rapid  near  Horicon  NWR  in  Fall  1984.  Most 
fields  were  plowed  soon  after  harvest,  so  availability  of  grain  stubble  habitat  never 
exceeded  50%  of  area  planted  to  grain  in  1984.  Snowfall  during  November  and  December 
1985  prevented  harvest  of  35%  of  corn  fields.  No  grain  fields  were  harvested  or  tilled 
during  Spring. 

Refuge  Use 

Refuge  use  was  highest  in  Late  Fall  (hunting  season)  at  wintering  locations  when  >90% 
of  geese  remained  on-refuge  (Table  1).  Proportions  of  geese  using  refuge  areas  on  the 
Horicon  NWR  survey  route  averaged  34%  (SE  =  8)  and  did  not  vary  seasonally  (P  =  0.16) 
in  1985-86.  Concurrent  radio  telemetry  studies  (Pritchert  1988,  Caithamer  1989)  also 
indicated  that  refuge  use  was  higher  at  wintering  areas  than  at  Horicon  NWR,  did  not  vary 
seasonally  at  Horicon  NWR,  and  increased  during  hunting  season  at  wintering  areas. 

HakitaLUse  and  Selection  at JJniiQP  County.  CA 

Diurnal  habitat  use  varied  seasonally  at  Union  County  CA  (Table  1).  Generally,  use  of 
green  forage  fields  was  highest  in  Fall  and  declined  in  Winter.  Lake  use  followed  an 
opposite  trend  with  low  use  in  Fall  and  high  use  in  Winter.  Use  of  com  was  constant 
except  for  a  decline  in  Late  Fall,  the  hunting  season.  Milo  and  other  crop  fields  received 
little  use  in  all  seasons. 

Use  of  lake,  corn,  and  other  forage  habitats  did  not  vary  annually  at  Union  County  CA. 
Winter  wheat  use  was  lowest  in  1986-87  and  soybean  use  was  highest  in  1984-85. 

Habitat  selection  varied  on  the  Union  County  CA  survey  route  (Table  1)  with  use  of 
alfalfa/clover  fields,  lakes,  and  shallow  wetlands  exceeding  availability.  Conversely,  grain 
fields  were  either  used  less  than  or  equal  to  their  availability. 

Hafotat  Use  and  Selection  at  Rend  Lake 

Diurnal  use  of  all  habitats  except  corn  varied  seasonally  at  Rend  Lake  (Table  1).  Soybean 
use  was  lowest  in  Early  Fall  when  winter  wheat  use  was  highest.  Lake  use  was  higher 
in  Winter  than  Early  Fall.  Alfalfa/clover  use  was  highest  in  Late  Fall.  Milo  and  other 
forage  habitats  had  relatively  low  use  in  all  seasons. 

Use  of  soybean  and  alfalfa/clover  habitats  varied  between  years  at  Rend  Lake. 
Alfalfa/clover  was  not  used  in  1984-85,  but  received  20%  (SE  =  2.8)  of  goose-use  in 
1986-87.  Conversely,  use  of  soybeans  averaged  17%  (SE  =  3.5)  and  was  highest  in 
1984-85,  but  averaged  5%  (SE  =  3.5)  and  was  lowest  in  1986-87. 
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Lake  and  winter  wheat  habitats  were  used  more  than  available,  while  soybean  and  milo 
habitats  tended  to  be  used  less  than  available  on  the  Rend  Lake  survey  route  (Table  1). 
Use  of  alfalfa/clover  exceeded  its  availability  in  1986-87  when  it  was  available  on  Rend 
Lake  Refuge,  but  not  in  1984-85  when  none  was  available  on  the  refuge. 

Habitat  Use  and  Selection  at  Horicon  NWR 

Goose  use  of  upland  habitats  near  Horicon  NWR  varied  seasonally  (Table  1).  Alfalfa  use 
was  highest  in  Early  Fall  when  other  forage  use  was  lowest.  Corn  use  was  lower  in 
Spring  than  in  Late  Fall.  Soybeans  and  winter  wheat  received  relatively  low  use  in  all 
seasons. 

Total  wetland  use  on  the  Horicon  survey  route  did  not  vary  seasonally  (Table  1),  but  the 
type  and  location  of  wetlands  used  did  vary  seasonally.  Nearly  all  wetland  use  during  Fall 
was  on-refuge,  while  small  wetlands  scattered  to  the  west  and  north  of  Horicon  NWR 
received  considerable  use  in  Spring.  Small,  off-refuge  wetlands  were  probably  attractive 
in  Spring  because  they  were  often  inundated  with  meltwater  from  creeks  and  provided  the 
first  snow-free  habitat.  As  temperatures  continued  to  moderate,  lowland  grass  pastures 
(other  forage  habitat)  adjacent  to  creeks  and  shallow  wetlands  were  also  used  extensively. 
Radio  telemetry  data  showed  some  geese  roosted  on  small  private  wetlands  and  remained 
in  adjacent  lowland  areas  throughout  the  day  during  Spring  (Caithamer  1989). 

Most  habitats  on  and  near  Horicon  NWR  showed  no  change  in  use  between  1984-85  and 
1985-86.  However,  use  of  other  forage  habitat  was  higher  (P  =  0.03)  in  1985-86  than  in 
1984-85. 

Most  upland  habitats  were  used  in  approximately  the  same  proportion  as  available  along 
the  Horicon  NWR  survey  route  (Table  1).  Proportional  use  of  shallow  wetlands  exceeded 
availability  (P  <  0.01). 

Effects  of  Environmental  Variables 

Changes  in  use  of  lakes  accounted  for  the  greatest  change  in  overall  habitat  use  at  Union 
County  CA.  The  first  canonical  correlation  was  0.83  (P  <  0.001),  and  lakes  had  the 
largest  standardized  canonical  coefficient  (-0.99).  Stepwise  regression  indicated  50%  of 
variation  in  lake  use  could  be  accounted  for  by  variations  in  the  environmental  parameters 
studied.  Temperature  was  negatively  correlated  with  and  uniquely  explained  41%  of 
variation  in  lake  use.  Amount  of  pond  ice,  amount  of  cloud  cover,  and  corn  stubble 
availability  together  accounted  for  the  remaining  9%  of  variation  in  lake  use. 

Similar  to  Union  County  CA,  changes  in  lake  use  accounted  for  the  greatest  change  in 
overall  habitat  use  on  the  Rend  Lake  survey  route.  The  first  canonical  correlation  was 
0.72  (P  <  0.001),  and  lake  use  had  the  largest  standardized  canonical  coefficient  (-1.01). 
Environmental  parameters  explained  25%  of  variation  in  lake  use.  Temperature  was 
negatively  correlated  with  and  uniquely  explained  17%  of  variation  in  use  of  lakes. 
Precipitation  and  percent  snow  cover  accounted  for  approximately  8%  of  variation  in  lake 
use. 
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DISCUSSION 


Seasonal  Patterns  of  Habitat  Use 

Comparisons  of  habitat  use  information  from  this  and  other  studies  on  the  MVP  (Sauer 
1983,  Paine  1985,  Moser  and  Tacha  1988,  Smith  1989)  with  information  on  other 
populations  in  the  Atlantic  (Addy  and  Hey  land  1968,  Reed  et  al.  1977)  and  Mississippi 
flyways  (Gulden  and  Johnson  1968,  McLandress  and  Raveling  1981,  Austin  1988) 
suggest  consistent  patterns  of  habitat  use  during  migration  and  wintering  throughout 
eastern  North  America.  Agricultural  crops,  especially  corn,  are  important  during  all 
seasons  and  at  all  latitudes.  Use  of  corn  shows  no  consistent  seasonal  high  or  low. 
Shallow  wetlands  are  important  except  during  the  coldest  periods  when  lakes  and  other 
open  waters  are  used.  Use  of  green  forage  crops,  such  as  wheat,  is  highest  in  fall. 
During  spring  at  mid-latitudes,  geese  use  lowland  pastures  and  other  grassy  habitats 
bordering  creeks  and  wetlands  extensively  for  feeding. 

High  variability  in  habitat  use  indicates  that  MVP  geese  are  very  adapatable.  The  MVP 
is  currently  at  record  high  levels  due  in  part  to  the  birds'  ability  to  utilize  various 
agricultural  and  wetland  habitats  during  migration  and  wintering. 

Importance  of  Various  Habitats 

Nutritional  value  of  different  foods  eaten  by  geese  varies.  Corn  and  milo  seeds  are 
excellent  sources  of  energy  (approximately  4  kcal/g  dry  weight),  but  relatively  poor 
sources  of  protein  (approximately  9%  dry  weight)  (Joyner  et  al.  1987).  Green  forage 
foods,  including  winter  wheat,  alfalfa,  red  clover,  fescue,  and  blue  grass,  contain 
relatively  high  amounts  of  protein  (12-29%  dry  weight),  but  relatively  little  energy 
(approximately  2  kcal/g  dry  weight)  (Ensminger  and  Olentine  1978,  Maynard  et  al.  1979, 
McLandress  and  Raveling  1981,  Buchsbaum  et  al.  1986,  Caithamer  1989).  Soybean 
seeds  contain  both  high  amounts  of  protein  (43%  dry  weight)  and  energy  (approximately 
3  kcal/g  dry  weight)  (Storey  and  Allen  1982,  Ensminger  and  Olentine  1978,  Caithamer 
1989). 

The  value  of  soybean  seeds  to  geese  is  reduced  because  they  can  cause  mortality  through 
impaction  (Jarvis  1976).  No  impaction  was  observed  in  this  study,  probably  because 
weather  conditions  following  harvest  were  not  dry  and  because  many  soybean  fields  were 
double-cropped  to  winter  wheat  (Jarvis  1976).  Double-cropped  fields  provided  both 
soybean  seeds  and  newly  sprouted  wheat  to  feeding  geese  (Gates  1989). 

Milo  appears  relatively  unimportant  to  Canada  geese.  It  had  low  use  and/or  low  selection 
in  this  study  and  others  in  southern  Illinois  (Arthur  1968,  Sauer  1983,  Paine  1985)  and 
Missouri  (Austin  1988).  Low  use  and  selection  of  milo  may  be  related  to  greater 
abundance  of  more  palatable  foods,  difficulty  that  geese  appeared  to  have  in  walking 
through  milo  stubble  because  of  relatively  high  stem  density  and  height,  or  other  factors. 

Fall  tillage  impacts  habitat  quality  for  geese.  Waste  grain  availability  is  reduced  >80% 
by  fall  tilling  (Warner  et  al.  1985,  1989).  Smith  (1989)  suggested  that  reduction  in  fall 
tilling  of  corn  fields  near  Horicon  NWR  would  alleviate  goose  depredation  on  alfalfa  and 
other  crops.  However,  geese  may  benefit  from  tilling  of  soybean  fields  during  dry  falls 
since  this  reduces  risk  of  impaction  (Jarvis  1976). 
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Dairy  farming  seems  compatible  with  habitat  needs  of  migrating  geese.  Lowland 
pastures,  alfalfa,  and  high-moisture  corn  fields  were  frequently  used  by  geese  and  common 
on  dairy  farms  near  Horicon  NWR.  High-moisture  com  fields,  typically  mowed  in  Early 
Fall  as  a  silage  crop,  provided  substantial  waste  grain  (Caithamer  1989)  and  were  among 
the  first  available  grain  stubble  fields.  Cow  manure  spread  on  fields  contains  undigested 
grain  that  geese  consumed  (Gates  1989).  Food  value  of  manure  may  be  most  important 
to  geese  in  spring  (Hunt  and  Hanson  1975). 

Lakes  provide  a  secure  resting  environment  (Raveling  et  al.  1972)  that  is  most  important 
during  cold  weather.  Energy  expenditures  for  activities  are  reduced  on  lakes  (Caithamer 
1989)  allowing  geese  to  endure  prolonged  periods  of  cold  weather  with  minimal 
catabolism  of  energy  reserves. 

Roles  of  Hunting  and  Refuges 

Intensity  of  hunting  pressure  and  availability  of  agricultural  crops  influenced  refuge  use. 
No  agricultural  crops  were  available  on  Horicon  NWR  during  this  study,  while  farming 
was  extensive  on  southern  Illinois  refuges.  Geese  in  Illinois  functionally  restricted  their 
activity  to  refuges  during  hunting  season,  while  geese  near  Horicon  NWR  exhibited  no 
detectable  change  in  refuge  use  associated  with  hunting.  These  differing  responses  were 
probably  due  to  different  intensities  of  hunting  pressure.  Hunting  pressure  was  intense 
on  both  public  and  private  lands  on  and  adjacent  to  Union  County  CA  and  Rend  Lake. 
Permanent  hunting  blinds  and  large  (>100)  spreads  of  goose  decoys  were  common  in 
southern  Illinois.  Conversely,  hunting  pressure  was  relatively  low  near  Horicon  NWR. 
No  adjacent  property  was  managed  intensively  for  goose  hunting  as  in  southern  Illinois, 
although  some  landowners  constructed  temporary  blinds  that  were  rented  to  hunters. 

Habitat  composition  and  quality  on  wintering  refuges  influenced  habitat  use.  Soybean 
habitat  on  Union  County  Refuge  was  available  only  in  1984-85;  soybean  use  on  the 
Union  County  survey  route  that  year  was  higher  than  other  years  when  none  was 
available  on  the  refuge.  Low  wheat  use  along  the  Union  County  CA  survey  route  in 
1986-87  was  associated  with  tall  (>25  cm)  winter  wheat  on  the  refuge.  Younger,  shorter 
wheat  has  more  crude  protein  and  soluble  carbohydrates  and  less  crude  fiber  than  older, 
taller  wheat  (Comm,  on  Anim.  Nutr.,  U.S.A.  and  Natl.  Comm,  on  Anim.  Nutr.,  Can. 
1964).  Use  of  alfalfa/clover  habitat  was  lowest  in  1984-85  at  Rend  Lake  when  none  of 
the  habitat  was  available  on  the  refuge.  Similarly,  use  of  soybean  habitat  at  Rend  Lake 
was  lowest  in  1986-87  when  none  of  the  habitat  was  available  on  the  refuge. 

Impact  of  Environmental  Conditions 

Wintering  geese  responded  to  changing  temperature  primarily  by  varying  their  use  of 
lakes.  Cold  temperatures  led  to  increased  use  of  lakes  where  geese  minimized  energy 
expenditures  by  resting  more  and  expending  less  energy  than  while  on  uplands 
(Caithamer  1989).  Geese  remained  on  roosting  lakes  for  extended  periods  at  temperatures 
<-9°C  (Raveling  et  al.  1972).  At  more  moderate  temperatures,  wintering  geese  left 
roosting  lakes  to  feed  in  various  upland  habitats.  Energy  expenditures  increased  when 
geese  were  on  uplands  (Caithamer  1989). 
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Influence  of  Nutritional  Requirements  on  Habitat  Use 

High  use  of  green  forage  fields  in  Early  Fall  may  reflect  high  protein  needs  of  geese  and 
not  low  availability  of  grain  stubble  as  suggested  by  Bell  and  Klimstra  (1970)  and  Sauer 
(1983).  Grain  stubble  seemed  adequately  available  as  an  average  of  69%  and  29%  of  corn 
and  soybean  fields  on  the  Rend  Lake  and  Union  County  survey  routes,  respectively,  were 
harvested  in  Early  Fall  (Pritchert  1988,  Caithamer  1989).  Body  feather  replacement  in 
Canada  geese  peaks  in  September  and  steadily  declines  through  spring  (Gates  1989). 
Canada  geese  and  other  waterfowl  meet  protein  needs  for  feather  growth  through  diet  and 
not  mobilization  of  internal  body  reserves  (Ankney  1979,  1984;  Raveling  1979, 
Heitmeyer  1988).  The  diets  of  MVP  geese  in  Early  Fall  contained  more  protein  than 
during  Late  Fall  or  Winter  periods  (Gates  1989). 

Canada  geese  acquire  fat  and  protein  reserves  essential  for  reproduction  during  spring 
migration  and  staging  (Hanson  1962,  Raveling  1979,  McLandress  and  Raveling  1981, 
Gates  1989).  These  needs  are  met  by  intensive  feeding  in  corn,  grass,  and  wetland 
habitats  while  staging  during  mid-migration.  MVP  geese  observed  near  Horicon  NWR 
in  this  study  selectively  used  lowland  pastures  and  shallow  wetlands  in  Spring.  Their  use 
of  corn  fields  remained  high  but  less  than  in  Fall.  Diets  of  MVP  geese  were  most  varied 
in  Spring,  yet  corn  still  constituted  approximately  50%  of  food  ingested  (Gates  1989). 

MANAGEMENT  RECOMMENDATIONS 

A  complex  of  grain,  green  forage,  shallow  wetland,  and  lake  habitats  should  be  made 
available  to  Canada  geese  during  migration  and  wintering.  Each  habitat  provides  specific 
needs  not  furnished  by  the  other  habitats.  Corn  should  be  provided  in  place  of  milo  since 
corn  had  consistent  high  use  while  milo  had  consistent  low  use.  The  value  of  soybeans 
to  geese  can  be  enhanced  by  management  practices  (such  as  disking  or  over-seeding  to 
winter  wheat)  that  reduce  risk  of  impaction.  Fall  tilling  of  com  stubble  and  green  forage 
fields  should  be  discouraged  as  this  reduces  food  availability. 

Habitat  management  on  refuges  is  most  important  in  regions  where  hunting  restricts 
geese  to  refuges.  In  these  regions,  all  habitat  needs  during  hunting  should  be  provided  by 
refuge  resources  if  the  goal  is  to  reduce  movements  of  geese  and/or  to  maintain  them  in 
the  best  possible  condition.  However,  if  the  goal  is  to  increase  movements  of  geese  off 
refuge  to  increase  harvest,  then  refuge  crops  should  be  made  less  available  through 
smaller  acreages  and/or  mowing  and  harvesting  should  be  delayed  until  after  hunting. 
Prolonged  or  delayed  hunting  seasons  increase  the  importance  of  refuges  (Caithamer 
1989). 

Shallow  wetlands  should  be  protected  and  developed  throughout  the  migrating  and 
wintering  range  of  the  MVP.  Small,  privately  owned  wetlands  to  the  north  and  west  of 
Horicon  NWR  appeared  particularly  important  in  spring.  Agricultural  habitats  currently 
need  not  be  developed  on  Horicon  NWR  since  important  agricultural  habitats  were 
adequately  available  on  private  land  and  geese  did  not  appear  restricted  to  Horicon  NWR. 
Managers  of  refuges  on  wintering  areas  of  the  MVP  should  continue  to  provide  a 
complex  of  habitats  and  recognize  that  refuge  resources  are  most  important  during 
hunting.  Alfalfa/clover,  winter  wheat,  and  lake  habitats  may  be  inadequately  available  on 
southern  Illinois  refuges  as  use  of  these  habitats  exceeded  their  availability. 
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Table  1.  Refuge  use  and  habitat  use  and  selection  on  and  near  Union  County 
Conservation  Area,  Rend  Lake,  and  Horicon  National  Wildlife  Refuge,  1984- 


1987. 


Location 

Variable 

x  %b 

SE 

Seasonal 

highC 

Seasonal 

lowC 

1984- 

Selection3 

85  1985-86 

1986-87 

Union  County 

Refuge 

75 

2 

L.  Fall 

Corn 

14 

1 

L.  Fall 

0 

0 

0 

Soybean 

9 

1 

E.  Fall 

L.  Fall 

- 

- 

- 

Milo 

2 

<1 

0 

- 

0 

Winter  wheat 

20 

2 

E.  Fall 

+ 

0 

0 

Alfalfa/clover  12 

2 

L.  Fall 

L.  Winter 

0 

+ 

+ 

Other  forage 

5 

1 

L.  Fall 

E.  Fall 

0 

0 

0 

Other  crops 

1 

<1 

- 

0 

0 

Wetland 

14 

1 

L.  Fall 

E.  Fall 

+ 

+ 

+ 

Lake 

24 

2 

E.  Winter  E.  Fall 

+ 

+ 

+ 

Rend  Lake 

Refuge 

73 

2 

L.  Fall 

L.  Winter 

Corn 

16 
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"+"  indicates  use  exceeded  (P  <  0.01)  availability,  indicates  use  was  less 

(P  <  0.01)  than  availability,  and  "0"  indicates  use  equalled  (P  >  0.01) 
availability. 


Within  a  location  all  years  and  seasons  combined;  n=171  at  Union  County 
Conservation  Area,  n=222  at  Rend  Lake,  and  n=69  at  Horicon  National  Wildlife  Refuge. 

CP  <  0.05,  "E."  indicates  Early,  and  ML."  indicates  Late. 

^o  data  were  collected  in  1986-87. 
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ABSTRACT 

1.  Terrestrial  newts,  Notophthalmus  viridescens  louisianensis ,  were  collected  in 
northeastern  DuPage  County,  Illinois. 

2.  All  newts  remained  motionless  when  first  uncovered,  although  some  attempted  to 
escape  by  actively  crawling  when  handled.  Two  individuals,  however,  became 
especially  immobile  when  first  detected  or  upon  being  handled.  Immobility  was  not 
elicited  by  handling  after  two  days  of  captivity. 

3.  Central  newts  are  apparently  unpalatable  to  racoons.  A  newt  was  offered  to  a  group  of 
free -ranging  racoons  habituated  to  humans,  and  it  was  repeatedly  rejected  unharmed. 

4.  An  arched  back  response  was  displayed  in  the  field  by  four  of  twelve  newts  in  one 
sample.  This  behavior  was  not  observed  in  captive  specimens. 

INTRODUCTION 

Antipredator  adaptations  may  vary  among  geographically  separate  populations  of  the 
same  salamander  species  (e.g.,  Ducey  and  Brodie,  1983;  Dowdey  and  Brodie,  1989;  Brodie 
and  Brodie,  1991).  It  is  of  value,  therefore,  to  catalog  adaptations  displayed  by  individual 
populations.  The  purpose  of  this  note  is  to  report  observations  on  antipredator 
mechanisms  in  a  population  of  central  newts  ( Notophthalmus  viridescens  louisianensis ) 
in  northeastern  Illinois.  These  observations  were  made  incidental  to  surveys  of  the 
herpetofauna  of  the  study  area  (Cochran,  1989  a,b;  Ludwig  et  al.,  1990),  with  an 
emphasis  on  the  central  newt  (Cochran,  1988). 
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Notophthalmus  viridescens  possesses  a  variety  of  antipredator  adaptations  (see  Brodie, 
1983  for  a  review),  but  most  work  has  focused  on  the  eastern  subspecies  (N.  v. 
viridescens).  Because  terrestrial  phases  of  N.  v.  louisianensis  are  more  cryptically 
colored,  less  abundant,  and  more  secretive  (nocturnal)  than  those  of  N.  v.  viridescens 
(Huheey  and  Brandon,  1974),  Brandon  et  al.  (1979)  initially  expected  that  the  former 
would  be  less  toxic.  However,  they  reported  that  N.  v.  louisianensis  were  essentially  as 
toxic  as  N.  v.  viridescens ,  that  chickens  found  N.  v.  louisianensis  from  southern  Illinois 
unpalatable,  and  that  N.  v.  louisianensis  engaged  in  tail  displays  and  arched  body  (unken) 
responses  that  exposed  their  aposematic  ventral  coloring.  Vogt  (1981)  depicted  a  curled 
tail  display  by  a  N.  v.  louisianensis  from  Wisconsin. 

METHODS 

Data  were  collected  by  the  two  authors  independently.  All  newts  examined  by  the  senior 
author  were  collected  by  hand  during  daytime  searches  in  August  and  September,  1980- 
1991,  in  oak/hickory  forest  and  shrubby  old  field  habitat  near  a  wooded,  semi-permanent 
wetland  in  DuPage  County,  Illinois  (Cochran,  1988,  1989  a).  Newts  were  measured  for 
total  length  (TL)  and  body  length  (BL),  defined  as  the  distance  from  the  tip  of  the  snout 
to  the  posterior  margin  of  the  insertion  of  the  hind  limbs.  Newts  examined  by  the  junior 
author  were  located  during  the  period  1987-1991.  They  were  collected  in  forested  habitat 
around  wetlands  within  1  km  to  the  north  of  habitat  surveyed  by  Cochran  (1988). 

Nine  newts  collected  2  September  1982  (TL:  47-8 1mm;  BL:  21 -39mm)  were  held 
individually  in  disposable  plastic  drinking  glasses  until  used  in  the  experiments  described 
below.  Two  were  subsequently  preserved  as  voucher  specimens  in  the  University  of 
Wisconsin-Madison  Zoology  Museum  (UWZM-H  22588-9);  the  remainder  were  released 
at  their  original  sites  of  capture  on  4  September  1982. 

To  test  for  palatability  to  a  generalist  predator,  a  single  newt  (TL:  72mm;  BL:  34mm) 
was  offered  to  a  group  of  free-ranging  racoons  ( Procyon  lotor)  conditioned  to  appear  each 
evening  for  bread  and  table  scraps.  Because  newts  are  rare  in  DuPage  County  (Cochran, 
1988;  Ludwig  et  al.  1990),  only  one  individual  was  risked.  The  newt  was  placed  in  a 
white  enamel  pan  with  enough  water  to  cover  the  bottom  of  the  pan  (but  not  the  newt). 
Racoons  were  enticed  to  feed  from  the  pan  by  tossing  slices  of  bread  into  it  from  a 
distance  of  one  meter.  Because  this  trial  was  staged  in  a  residential  yard  within  200 
meters  of  the  area  in  which  the  newts  were  collected,  it  is  conceivable  that  at  least  some 
of  the  racoons  had  prior  experience  with  newts.  However,  because  newts  are  relatively 
uncommon  and  their  population  apparently  fluctuates  (Cochran,  1988),  it  is  also 
conceivable  that  at  least  some  of  the  racoons  were  naive  with  respect  to  newts. 

On  4  September  1982,  each  of  the  nine  captive  newts  was  placed  on  brown  paper 
substrate  and  pinched  with  a  forceps  just  anterior  to  the  pelvic  girdle  in  an  attempt  to 
elicit  an  arched  body  or  tail  display.  Immediately  thereafter,  it  was  rolled  between  a 
thumb  and  forefinger  in  an  attempt  to  induce  immobility. 

RESULTS 

The  coloration  of  central  newts  from  DuPage  County  was  more  cryptic  than  that  of  the 
eastern  subspecies,  but  it  included  some  aposematic  elements.  Red  or  reddish  orange 
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spots  were  arranged  in  two  dorsolateral  rows,  and  the  ventral  surface  was  yellow  or 
orange.  Spots  were  more  prevalent  in  efts  than  in  adults. 

Central  newts  in  their  terrestrial  phase  were  apparently  unpalatable  to  racoons.  On  five 
occasions,  the  newt  offered  to  the  racoons  was  picked  up  by  a  racoon  in  both  forepaws, 
sniffed  or  tasted,  and  rejected  unharmed.  On  one  occasion,  the  newt  was  picked  up  with 
some  bread  and  held  while  the  racoon  ate  only  the  bread  around  it.  Several  times  the  newt 
was  detected  by  touch  as  a  racoon  felt  with  its  forepaws  along  the  bottom  of  the  pan,  then 
sniffed  and  rejected. 

All  52  newts  collected  by  the  senior  author  during  this  study  remained  motionless  when 
first  uncovered  and  were  often  difficult  to  detect  against  the  substrate.  Many  attempted  to 
escape  by  actively  crawling  or  struggling  when  handled.  Two  individuals,  however, 
became  especially  immobile  when  first  detected  or  shortly  thereafter.  A  newt  (TL: 
45mm;  BL:  22mm)  discovered  beneath  a  board  at  midday  on  24  August  1981  (air 
temperature:  29° C)  lay  unmoving  on  its  side  and  appeared  dead.  It  did  not  move  for  some 
time  after  being  picked  up.  On  2  September  1982,  a  newt  (TL:  47mm;  BL:  21mm) 
became  immobile  several  times  while  being  measured  subsequent  to  its  capture,  ceasing 
motion  for  several  seconds  when  manipulated  between  two  fingers.  During  each  period  of 
immobility,  the  newt's  gular  motion  was  more  shallow  than  during  typical  breathing; 
after  some  time  it  would  suddenly  "spring  to  life"  and  begin  moving.  However,  neither 
this  newt  nor  eight  others  collected  the  same  day  displayed  immobility  when  tested  after 
two  days  of  captivity. 

Arched  back  and  tail  displays  were  not  observed  during  this  study  when  newts  were  tested 
in  captivity  and  were  elicited  on  only  one  occasion  in  the  field.  On  16  September  1987, 
four  of  twelve  newts  located  by  the  junior  author  immediately  struck  the  arched  back 
posture  observed  in  Taricha  and  Notophthalmus.  In  addition,  a  newt  collected  by  the 
senior  author  on  18  August  1991  curled  its  tail  forward  against  its  left  side  in  what  may 
have  been  a  defensive  posture. 

DISCUSSION 

Terrestrial  N.  viridescens  louisianensis  from  northeastern  Illinois  share  defensive 
adaptations  with  conspecifics  from  other  portions  of  the  species'  geographic  range.  These 
include  unpalatable  skin  secretions,  aposematic  coloration,  immobility,  and  an  arched 
body  display.  All  of  these  were  included  by  Brodie  (1983)  within  a  single  suite  of 
correlated  antipredator  mechanisms. 

Racoons  rejected  the  N.  v.  louisianensis  offered  to  them  in  this  study.  Hurlbert  (1970) 
found  that  some  racoons  would  eat  N.  v.  viridescens  after  rubbing  them  on  the  substrate 
or  scrubbing  them  in  water.  In  the  present  study,  feeding  behavior  of  individual  racoons 
may  have  been  affected  by  the  presence  of  conspecifics  competing  for  the  same  food. 
Foods  that  can  be  eaten  quickly  without  manipulation  (e.g.,  bread)  may  be  preferred  under 
such  circumstances.  However,  even  though  the  racoons  in  this  study  may  have  been 
feeding  in  a  more  hasty  manner  than  typical,  those  that  handled  the  newt  did  not  injure  it; 
racoons  are  well  known  for  their  soft,  delicate  touch  (North,  1966;  personal 
observations). 
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The  observations  reported  herein  are  consistent  with  those  of  Brodie  et  al.  (1974),  who 
stressed  that  defensive  behaviors  of  salamanders  may  be  more  easy  to  elicit  in  the  field 
than  after  even  short  periods  of  captivity.  In  the  present  study,  immobility  and  the  arched 
back  display  were  observed  only  in  the  field.  This  underscores  the  importance  of  field 
observations,  especially  for  uncommon  taxa  that  cannot  be  collected  in  numbers  adequate 
to  support  planned  laboratory  experiments  with  large  sample  sizes.  The  central  newt  in 
northeastern  Illinois  falls  into  this  category. 

While  not  directly  related  to  the  topic  of  antipredator  adaptations,  several  of  our 
observations  during  this  study  substantiate  or  extend  earlier  conclusions  about  the 
ecology  of  central  newts  at  this  location  (Cochran,  1988).  First,  we  noted  snail  shells  in 
each  of  six  fecal  pellets  released  by  five  newts  shortly  after  their  capture.  This  confirms 
the  importance  of  snails  in  the  diet  of  newts  at  this  site.  Second,  adult  newts  in  our 
study  area  appear  to  be  more  terrestrial  than  those  at  other  locations  in  DuPage  County 
where  they  are  known  to  occur,  at  least  during  late  summer.  Whereas  adults  at  other  sites 
can  be  seined  from  aquatic  habitats  during  the  summer,  adults  in  our  study  area  occur  in 
terrestrial  habitat  during  July,  August,  and  September.  Cochran  (1988)  was  unable  to  find 
newts  during  terrestrial  surveys  in  June  (1985-1987),  and  additional  terrestrial  surveys  by 
the  senior  author  in  late  June  of  1989  and  1990  were  also  unsuccessful.  Perhaps  adults 
linger  in  the  aquatic  habitats  used  for  breeding  until  conditions  begin  to  deteriorate  in 
mid-summer.  The  junior  author  has  intercepted  adult  newts  migrating  to  breeding  ponds 
in  the  spring,  an  indication  that  they  overwinter  in  terrestrial  habitat. 
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ABSTRACT 

In  July  1988,  fish  were  collected  in  the  LaMoine  River  Basin  in  west-central  Illinois  by 
the  Illinois  Department  of  Conservation  (IDOC)  Streams  Program,  in  an  effort  to  assess 
stream  quality  and  sport  fish  potential.  Additional  sampling  was  conducted  in  September 
on  the  East  Fork  where  seven  sites,  including  four  sites  previously  sampled  in  July,  were 
evaluated  as  part  of  an  intensive  effort  to  examine  differences  seen  in  the  July  samples. 
Within  this  watershed,  species  richness  at  each  station  ranged  from  nine  to  23  for  a  basin 
wide  total  of  46,  with  one  additional  category  of  hybrid  sunfish.  Stream  quality,  as 
characterized  by  the  Alternate  Index  of  Biotic  Intregity  (AIBI)  ranged  from  27.3  (limited 
aquatic  resource)  to  52.4  (unique  aquatic  resource).  Community  similarity  relationships 
indicated  samples  collected  from  the  East  Fork  drainage  were  generally  more  similar  to 
each  other  than  to  samples  collected  from  the  mainstem  or  within  other  drainages. 
Evenness  values  (Brillouin  Index)  were  variable  (0.483  to  0.861),  with  low  values 
usually  indicative  of  one  or  two  dominant  species  at  a  site. 

Angling  opportunites  for  sport  fish  within  this  watershed  were  most  consistent  for 
common  carp  (Cyprinus  carpio).  Of  the  smallmouth  bass  {Micropterus  dolomieu) 
collected,  most  were  less  than  stock  length  (180  mm).  In  eight  samples,  from  eight  to 
57  smallmouth  bass  less  than  stock  length  were  collected,  with  the  highest  abundances  in 
the  lower  reaches  of  the  East  Fork  (DGL-02,  DGL-03)  and  on  the  mainstem  (DG-07). 
Channel  catfish  (Ictalurus punctatus),  largemouth  bass  {Micropterus  salmoides),  bluegill 
{Lepomis  macrochirus )  and  white  crappie  {Pomoxis  annularis )  were  also  collected,  but  in 
low  numbers  (<  10  per  sample). 
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During  a  drought,  the  high  biotic  integrity  at  DG-02,  DGL-02,  and  DGL-03,  suggests 
these  sites  may  serve  as  refugia  for  fish.  Additional  studies  are  needed  to  more  closely 
evaluate  the  consistency  of  use  of  these  areas  by  fish  under  various  water  regimes. 

INTRODUCTION 

Burgeoning  urbanization,  pollution,  and  intensive  agriculture  are  but  a  few  of  the 
problems  impacting  Illinois  streams.  Of  these  problems,  siltation  associated  with 
agriculture  has  been  noted  as  a  major  impact  on  aquatic  life,  not  only  within  Illinois 
(Smith  1971;  Larimore  and  Smith  1963),  but  across  the  United  States  (see  Berkman  and 
Rabeni  1987  for  overview). 

Within  this  agricultural  setting,  in  Illinois,  lies  an  extensive  network  of  rivers  and 
streams  with  a  total  length  of  over  41,600  km  (26,000  miles)  (Illinois  Streams 
Information  System-ISIS  Unpublished  data).  Since  1981,  in  an  effort  to  maintain  current 
information  on  stream  fishes,  the  Illinois  Department  of  Conservation  (IDOC)  Streams 
Program  has  intensively  sampled  small  to  intermediate  sized  streams  on  a  watershed 
scale.  These  fish  data,  combined  with  physico-chemical  data  collected  from  these  stream 
sites  by  the  Illinois  Environmental  Protection  Agency  (IEPA),  provide  an  overview  of 
the  aquatic  resource  within  each  watershed.  These  data  not  only  supplement  ongoing 
sampling  at  a  limited  number  of  small-stream  statewide  monitoring  stations,  but 
contribute  updated  information  on  previously  sampled  streams,  and  those  streams  for 
which  little  or  no  information  was  available. 

In  1988,  as  part  of  this  effort,  fish,  water,  and  habitat  were  sampled  in  stream  segments 
within  the  LaMoine  River  watershed  in  west-central  Illinois.  With  the  exception  of  one 
biennial  monitoring  station  on  the  lower  LaMoine  River  near  Ripley,  only  intermittent 
sampling  by  the  IDOC  has  been  conducted  within  this  watershed  since  the  last  survey  by 
Dunn  (1976). 

Previous  investigations  in  this  drainage  have  found  basin-wide  fish  species  richness 
ranging  from  31  (Rock  1966)  to  78  (Smith  1971).  Smith,  however  included  several  other 
Illinois  River  drainages  (McKee,  Sugar,  Crooked  and  Bay  Creeks)  which  were  not 
sampled  during  this  study  and  may  partly  account  for  the  high  species  richness  he 
reported.  In  another  survey,  Dunn  (1976)  found  39  species.  Smith  (1971)  indicated 
streams  in  this  basin  underwent  frequent  desiccation  and  were  impacted  by  pollution, 
contributing  to  low  species  richness. 

Thus,  we  initiated  this  study  to  assess  sport  fish  potential  of  streams  in  this  watershed 
by  examining  the  composition  and  size  structure  of  this  group  of  fish.  We  also 
characterized  stream  quality,  using  primarily  the  fish-based  Index  of  Biotic  Integrity  (Kan- 
1981;  1986),  as  adapted  for  use  in  Illinois  by  Hite  and  Bertrand  (1989).  Additional 
physico-chemical  attributes  of  these  sites  were  also  used  in  this  evaluation. 

METHODS  AND  MATERIALS 


Site  Description 

From  its  headwaters  near  La  Harpe,  in  west-central  Illinois,  the  LaMoine  River  flows  in 
a  southeasterly  direction  for  approximately  161  km  (100  miles),  draining  3482  km2 
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(1360  miles2)  (Barker  et  al.  1970),  before  emptying  into  the  Illinois  River  north  of 
Beardstown  (Fig.  1).  The  largest  tributary,  the  East  Fork  of  the  LaMoine,  joins  the 
mainstem  west  of  Colchester  (Fig.  1).  Geologically,  this  river  system  is  situated  within 
the  Galesburg  Plain  of  the  Till  Plains  Section  (Willman  et  al.  1975  in  Zeuhls  et  al. 
1987).  Here,  soils  vary  in  permeablity  and  are  mostly  developed  from  loess  though 
alluvial  deposits  are  found  along  the  river  valleys  (Barker  et  al.  1970). 

The  largest  population  centers  within  the  watershed  are  Macomb  (20,628),  Rushville 
(3,348),  Bushnell  (3,811),  Carthage  (2,978),  and  Mt.  Sterling  (2,186).  Land  use 
involves  primarily  agriculture  such  as  row  crops  (corn,  soybeans)  and  livestock  (cattle, 
hogs).  In  portions  of  the  watershed  poor  land  use  practices  combined  with  the 
topography  can  lead  to  severe  sheet  and  gulley  erosion  (Barker  et  al.  1970).  Additional 
inputs  to  streams  within  the  watershed  occur  from  several  point  sources  including 
wastewater  treatment  facilities  (Joseph  1989).  Of  the  streams  sampled  for  this  study, 
Macomb  discharges  into  Killjordan  Creek  (DGJA),  the  town  of  Industry  into  Grindstone 
Creek  (DGIA)  and  Bushnell  into  Drowning  Fork  (DGLC).  Several  streams,  including 
Little  Missouri  Creek,  have  historically  received  runoff  from  surface  coal  mining 
operations. 

In  1988,  west-central  Illinois  was  under  the  effects  of  a  severe  drought.  During  July,  the 
USGS  gaging  station  at  Ripley,  recorded  a  mean  flow  of  19.6  cubic  feet  per  second  (cfs) 
compared  to  the  average  July  flow  of  752  cfs  over  the  65  year  period  of  record  (ISWS 
1988a).  Though  average  rainfall  occurred  in  western  Illinois  in  August,  the  precipitation 
deficit  for  the  growing  season  was  approximately  23  cm  (9  inches)  (ISWS  1988b)  and 
stream  flow  remained  low.  September's  average  flow  for  the  LaMoine  River,  recorded  at 
Ripley  (5.1  cfs),  was  the  lowest  average  for  any  month,  over  the  period  of  record  at  that 
station  (ISWS  1988c). 

Site  Selection 


Sampling  sites  were  selected  based  on  several  factors.  Initial  priority  was  given  to  sites 
of  previous  sampling  efforts  by  IDOC  or  IEPA  (e.g.  fish,  water  quality, 
macroinvertebrates).  We  also  considered  accessibility  to  the  site  (especially  with  reference 
to  boat  electrofishing  sites),  and  sport  fish  potential  (primarily  based  upon  depth  and 
instream  habitat).  Proximity  to  other  sites  including  both  longitudinal  spacing  on  larger 
streams  and  general  distribution  throughout  the  watershed,  relationship  to  point  source 
inputs  (urban  areas  and  tributaries),  and  representative  macrohabitat  characteristics  (e.g., 
riparian  zone,  substrate,  instream  structure)  were  also  considered. 

Sites  were  denoted  using  IEPA  stream  drainage  and  station  codes.  In  this  watershed  "DG" 
is  the  stream  code  for  the  LaMoine  River  while  additional  letters  correspond  to  the 
position  of  tributaries  on  the  LaMoine  River.  For  example,  Missouri  Creek  is  the  fourth 
tributary  upstream  from  the  confluence  of  the  LaMoine  River  with  the  Illinois  River  and 
is  therefore  assigned  a  code  of  DGD.  Prior  to  this  study,  IEPA  sites  were  present  on 
several  streams.  Station  numbers  were  assigned  as  sites  were  established  and  therefore 
may  not  be  in  longitudinal  sequence  on  a  stream. 
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Fish  Collection 


Initial  fish  collections  were  made  from  25  to  28  July  1988.  Due  to  the  severe  drought 
(ISWS  1988a;  1988b),  samples  could  be  obtained  from  only  18  of  the  original  43  sites 
which  had  been  selected.  From  these  samples,  distinct  differences  in  species  richness 
were  evident  between  stations  on  the  East  Fork.  To  more  closely  assess  these  differences, 
seven  stations  (four  previously  sampled  in  July  and  three  newly  established  sites)  were 
sampled  on  20  and  21  September,  1988. 

Where  water  depth  generally  exceeded  0.61  m  (2  ft)  sampling  was  conducted  using  a  boat- 
mounted  electrofishing  unit  powered  by  a  230  volt  A.C.,  180  cycle,  3000  watt 
generator.  This  sampling  was  supplemented  with  a  minnow  seine  when  feasible.  All 
other  sampling  was  conducted  using  an  electric  seine  powered  by  a  1600  W  single  phase 
generator,  similar  to  that  described  by  Bayley  et  al.  (1989).  This  gear  was  hauled  through 
the  stream  followed  by  four  netters  who  collected  stunned  fish.  Duration  of  sampling 
varied,  but  was  frequently  dictated  by  availability  of  water.  During  each  electrofishing 
run,  attempts  were  made  to  collect  all  stunned  fish,  except  at  station  DG-02  where  the 
extremely  abundant  common  carp  were  netted  for  only  half  of  the  30  minute  total 
sampling  period. 

Length  and  weight  of  larger  fish  were  recorded  in  the  field  while  most  smaller  fish, 
primarily  minnows,  were  preserved  in  formalin.  Fish  length  was  measured  to  the  nearest 
mm  or  fish  were  placed  in  total  length  groups,  with  the  exception  of  preserved  fish 
which  were  placed  in  10-mm  size  groups.  For  species  with  high  relative  abundance  such 
as  the  red  shiner  ( Cyprinella  lutrensis ),  lengths  or  length  groups  of  a  subsample  of  the 
preserved  fish  were  recorded  with  the  remaining  fish  of  that  species  enumerated  and 
weighed  collectively.  For  some  smaller  sport  fish,  individual  lengths  and  a  group  weight 
were  recorded.  Due  to  the  wide  range  of  weights  of  fish  collected,  fish  were  weighed  on 
scales  of  varying  precision,  but  most  field  weights  were  on  pan  balances  with 
approximately  5  gram  precision.  Fish  were  identified  using  Smith  (1979)  and  Pflieger 
(1975)  as  references. 

Habitat  and  Water  Quality  Data 

Habitat  and  water  quality  data  were  collected  by  the  IEPA  (Joseph  1989)  using  techniques 
described  in  the  IEPA  field  methods  manual  (IEPA  1987).  Water  samples  were  collected 
in  early  June,  late  July  and  September  at  all  sites  except  for  DGL-06,  DGL-07,  and  DGL- 
08.  Results  of  the  water  samples  were  incorporated  into  a  water  quality  index  (WQI)  for 
each  site  (Joseph  1989). 

Habitat  data  were  collected  at  all  electric  seine  sites  sampled  in  summer,  but  could  only 
be  obtained  at  three  boat  sites  due  to  difficulty  in  sampling  deeper  habitats.  Limited 
availability  of  personnel  precluded  collection  of  habitat  data  at  the  seven  sites  sampled  in 
September. 

Data  analysis 

Due  to  differences  in  sampling  effort  between  stations,  numbers  of  fish  (electrofishing 
samples)  were  standardized  to  number/hour  and  these  values  were  used  in  all  analyses 
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except  the  AIBI  (Alternate  Index  of  Biotic  Integrity).  For  the  AIBI,  actual  number  of  fish 
were  used  since  sampling  effort  is  taken  into  account  in  this  procedure. 

The  Index  of  Biotic  Integrity  (IBI)  (Karr  1981,  Karr  et  al.  1986),  based  upon  the  fish 
community,  has  received  widespread  use  as  a  means  of  assessing  stream  quality  (Miller  et 
al.  1988,  Fausch  et  al.  1990).  For  this  study  a  modified  or  Alternate  Index  of  Biotic 
Integrity  (AIBI),  was  calculated  for  each  sample  (Hite  and  Bertrand  1989).  The  AIBI  has 
been  adapted  from  the  Index  of  Biotic  Integrity  and  is  similarly  comprised  of  12  metrics. 
In  comparison  to  the  IBI,  the  AIBI  uses  the  mean  of  the  other  1 1  metrics  for  the  disease 
metric  when  information  on  occurrence  of  disease  is  not  used.  As  with  the  IBI,  AIBI 
values  range  from  12  (extremely  degraded)  to  60  (high  quality).  For  stations  in  which  two 
or  more  methods  were  used  to  collect  fish,  a  mean  of  the  abundance  metric  was 
calculated.  Stream  order  (Strahler  1957),  as  required  for  calculation  of  the  IBI,  was 
determined  from  7.5  minute  topographic  quadrangle  maps  by  IEPA  personnel. 

Using  Eckblad  (1989),  number/hour  values  were  compared  using  Horn's  Index  of 
community  similarity  (Horn  1966).  From  this  evaluation  a  dendrogram  was  developed 
using  values  of  (1 -Horn's  Index)  which  were  incorporated  into  a  cluster  analysis  with  an 
unweighted  multiple  pair  group  of  arithmetic  averages  (UMPGA)  (Sneath  and  Sokal 
1973).  These  comparisons  were  made  for  samples  collected  with  the  same  electrofishing 
method  to  avoid  bias  due  to  differences  in  sampling  efficiency  of  the  electric  seine  and 
boat-mounted  electrofishing  unit. 

Diversity  and  evenness  values  were  determined  from  electrofishing  data  for  each  sample, 
using  Brillouin's  Index  as  suggested  by  Kaesler  and  Herricks  (1976).  Brillouin's  Index  is 
the  diversity  of  a  subsample  and  not  an  estimate  of  the  diversity  of  the  parent  population 
and  cautious  interpretation  of  statistical  analyses  has  been  recommended  (Kaesler  and 
Herricks  1976).  Evenness,  defined  as  observed  diversity  divided  by  the  maximum  possible 
diversity  at  the  observed  species  richness,  ranges  from  0  to  1.  This  analysis  assesses  how 
closely  the  observed  species  abundances  are  to  an  evenly  distributed  sample  having  a 
similar  number  of  species  and  total  number  of  individuals  (Brower  and  Zar  1977).  Low 
evenness  would  indicate  an  excessive  relative  abundance  of  a  few  species  within  a  sample 
while,  conversely,  a  high  evenness  would  suggest  a  less  disparate  distribution. 

Sport  fish  potential  was  evaluated  by  categorizing  fish  in  length  groups  proposed  by 
Gabelhouse  (1984).  In  addition  to  three  of  these  groups,  stock  (S),  quality  (Q),  and 
preferred  (P),  we  also  noted  fish  "less  than  stock",  referred  to  as  (L).  Though  of  limited 
immediate  usefulness  to  anglers,  fish  in  this  smallest  group  (L)  may  be  indicators  of 
reproductive  success  or  future  angling  opportunities.  No  fish  of  memorable  or  trophy 
size  were  collected. 

For  both  smallmouth  bass  and  common  carp,  length  and  weight  data  were  log^o- 
transformed  and  the  slope  of  lines  between  stations  were  compared  with  an  analysis  of 
covariance  (ANCOVA)  (Zar  1984)  (alpha  =  0.05)  using  SYSTAT  (Wilkinson  1988).  For 
consistency,  samples  with  stock  fish,  N  >  5  were  used  in  this  analysis.  For  other  sport 
fish,  sample  sizes  were  less  than  5  and  therefore  not  used  in  this  anaylsis.  As  discussed 
by  Murphy  et  al.  (1991),  weight-length  regression  lines  were  compared  prior  to 
determination  of  relative  weight  values.  Due  to  the  generally  small  sample  sizes  we  were 
however,  unable  to  compare  these  relationships  by  size  category  as  recommended  by 
Murphy  et  al.  (1991). 
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For  common  carp  body  condition  was  estimated  by  relative  weight  (Wr)  (Wege  and 
Anderson  1978)  using  a  standard  weight  formula  (Stephen  1978).  Only  fish  of  stock 
length  or  greater  were  used  to  avoid  bias  associated  with  weight-length  relationships  of 
smaller  fish.  Mean  relative  weight  (Wr)  values  for  each  station  were  compared  using  an 
analysis  of  variance  ANOVA  and  a  Tukey  multiple  comparison  test  (alpha  =  0.05) 
(Wilkinson  1988)  to  assess  differences  between  stations. 

Relationships  of  habitat  and  water  quality  parameters  (Joseph  1989)  to  both  target  species 
and  fish  community  parameters  were  examined  by  developing  a  correlation  matrix 
(Pearsons  correlation  coefficient)  using  SYSTAT  (Wilkinson  1988).  Due  to  the  small 
sample  size  (3)  of  habitat  data  at  boat  sites,  only  electric  seine  sites  sampled  in  summer 
were  used  for  habitat  analysis.  Water  quality  associations  were  grouped  by  electrofishing 
method  (e.g.  electric  seine  or  boat)  and  comparisons  were  made  using  fish  data  collected 
in  July. 

Comparisons  with  basin-wide  fish  species  richness  were  based  upon  data  from  IDOC 
(Rock  1966,  Dunn  1976,  IDOC  Unpubl.  data),  Illinois  Natural  History  Survey  records 
(Cummings  1989)  and  Smith  (1979). 


RESULTS 


Fish  data 

A  total  of  46  fish  species  and  one  category  of  hybrid  sunfish  were  collected  from  25 
stations.  Within  this  watershed,  the  most  abundant  species,  based  upon  percent 
composition  using  number/hour  were  red  shiner  (27.6%),  bluntnose  minnow 
(Pimephales  notatus)  (14.5%)  and  green  sunfish  (Lepomis  cyanellus )  (7.1  %)  (Table  1). 
The  most  common  sport  fish  was  common  carp  (1.3%),  followed  by  smallmouth  bass 
(1.1  %).  All  other  sport  fish  species  accounted  for  less  than  1.0%  of  the  catch.  No 
threatened  or  endangered  species  were  collected. 

Boat  electrofishing  stations,  located  on  the  LaMoine  River  and  at  deeper  sites  along  the 
East  Fork  (Fig.  1),  yielded  from  222  to  864  fish/hour  (Table  2).  Sites  sampled  with  the 
electric  seine  produced  catch  rates  from  456  to  10,000  fish/hour  with  most  samples 
exceeding  1000  fish/hour  (Table  3). 

Using  the  Biological  Streams  Characterization  (BSC)  resource  description  and 
corresponding  AIBI  values  (Hite  and  Bertrand  1989)  we  found  a  wide  range  in  stream 
quality  in  the  LaMoine  River  watershed  (Table  4).  A  basin  wide  low  AIBI  of  26  with  an 
associated  BSC  characterization  of  "limited"  was  obtained  at  DGL-07  of  the  East  Fork 
(near  Macomb),  while  AIBI  values  of  51.3  "unique"  were  obtained  on  the  same  stream  at 
stations  DGL-02  and  DGL-03,  downstream  (west)  of  Colchester.  The  highest  AIBI  value 
of  52.4  was  obtained  at  DG-02  on  the  LaMoine  River  (Table  4). 

Community  similarity  values,  with  the  exception  of  DG-07,  showed  boat  electrofishing 
samples  from  within  the  same  stream  (LaMoine  River  or  East  Fork)  were  more  similar 
to  each  other  than  samples  between  streams  (Fig.  2).  Samples  collected  with  the  electric 
seine  showed  even  stronger  associations  to  each  other  (Fig.  2).  Not  suprisingly,  a  high 
level  of  similarity  was  documented  "within  station"  at  two  sites  (DGL-02  and  DGL-03) 
which  were  resampled  in  the  fall.  With  one  exception  (DGLD-01),  stations  sampled  in 
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the  fall  were  more  similar  to  the  same  station  sampled  in  the  summer,  than  to  other 
stations. 

Evenness  values  ranged  from  0.470  (DGLC-01)  to  0.861  (DGJ-04),  but  most  values  were 
less  than  0.800  (Table  4).  Evenness  is  most  useful  in  detecting  the  degree  of  species 
homogeneity  within  a  sample  (Zar  1984).  At  DGLC-01,  blackstripe  topminnows 
(. Fundulus  notatus )  and  red  shiners  were  prevalent,  accounting  for  a  combined  total  of 
88%  of  the  sample.  At  DGL-05  (evenness  0.483),  red  shiners  accounted  for  62%  of  the 
fish  collected. 

Common  carp  appeared  to  provide  the  greatest  potential  opportunity  for  anglers  (Table  5). 
Smallmouth  bass,  in  comparison  to  other  sportfish,  had  the  largest  number  of  fish  (194 
fish  in  8  samples)  in  the  "L"  category.  At  stations  DGL-02  and  DGL-03  on  the  East 
Fork,  comparatively  large  numbers  of  smallmouth  bass  (36-114  fish/hour)  of  the  "L" 
group  were  collected  in  both  July  and  September  samples.  On  the  mainstem,  DG-07  had 
the  highest  number  of  smallmouth  bass  (30)  in  this  category.  Largemouth  bass,  channel 
catfish  and  bluegill  of  stock  and  quality  sizes  were  present,  but  of  limited  availability. 
White  crappie  of  preferred  size  (>  250  mm)  were  collected  at  four  stations,  but  were  also 
few  in  number  usually  (<  5  per  hour). 

For  smallmouth  bass,  log  ^weight-log  10length  regression  equations  for  the  three 
stations  (N  >  5),  with  length  >180  mm  were  significantly  different.  Slope  of 
logioweight-log10length  regression  equations  for  nine  samples  of  common  carp  (N  >  5) 
with  length  >  280  mm  were  not  significantly  different. 

Mean  relative  weight  for  common  carp  at  each  station  ranged  from  74.6  to  92.8  with 
significant  differences  between  two  groups  (DGL-04,  DGL-08,  DG-07,  DG-01,  DG-06) 
and  (DG-09,  DGLD-01)  (Fig.  4).  Mean  relative  weight  of  fish  from  DG-02  and  DGL-07 
were  not  significantly  different  between  either  of  these  groups.  For  smallmouth  bass, 
mean  relative  weight  values  at  the  three  stations  could  not  be  compared  due  to  the 
significant  differences  in  growth  rates  between  stations  and  insufficient  sample  sizes  for 
categorizing  fish  by  length. 

Fish,  Habitat  and  Water  Quality  Associations 

As  noted  earlier,  results  of  the  three  water  samples  collected  by  the  IEPA  were 
incorporated  in  the  water  quality  index  (WQI).  For  this  index,  values  range  from  0  to 
100,  with  higher  values  indicating  poorer  water  quality  (Joseph  1989).  Within  the 
correlation  matrix  we  also  used  individual  components  of  the  WQI  (e.g.  temperature, 
pH,  D.O.)  to  determine  if  any  of  these  parameters  were  associated  with  fish  community 
composition. 

Among  the  water  quality  variables  examined,  at  electric  seine  sites,  the  WQI  (total  score) 
and  phosphate  components  of  the  WQI  were  most  consistently  associated  with  fish 
metrics  (Table  6).  Since  high  values  of  the  WQI  indicate  poorer  water  quality,  a  negative 
correlation  indicates  a  decline  in  the  fish  attributes  with  poorer  water  quality.  The 
ammonia  component  of  the  WQI  was  only  significantly  associated  with  common  carp 
(carp/hour)  (Table  6).  Molecular  (unionized)  ammonia  has  been  suggested  as  a  factor 
limiting  fish  community  diversity  in  selected  Illinois  streams  (Lewis  et  al.  1981).  In 
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comparison,  at  boat  sites,  though  some  significant  relationships  were  found,  no 
consistent  associations  were  evident  between  water  quality  and  fish  parameters  (Table  6). 

Fish  association  with  habitat  variables  were  most  common  with  various  measures  of 
smallmouth  bass  (Table  6).  Smallmouth  bass/hour  was  positively  associated  with  mean 
channel  width  and  water  width,  while  smallmouth  bass  weight/hour  was  positively 
associated  with  percent  boulders,  water  width,  and  negatively  associated  with  mean  water 
velocity.  Total  number/hour  (all  fish)  was  also  negatively  correlated  (significantly)  with 
mean  water  velocity  possibly  reflecting  lower  sampling  efficiency  in  faster  waters. 

Comparisons  to  Historical  Data 

Discontinuous  sampling  has  been  used  to  evaluate  long-term  changes  in  species 
composition  (Larimore  and  Smith  1963;  Buth  1974).  These  temporal  differences  may 
indicate  emmigration,  invasion  by  new  species  and  alterations  to  habitat  or  water  quality. 
For  the  LaMoine  River  watershed  though,  comparisons  with  historical  data  were 
confounded  by  differences  in  sampling  methodology,  sampling  effort  and  possibly 
sampling  conditions.  As  a  consequence  of  these  potential  influences,  we  are  unable  to 
fully  assess  the  relationship  of  the  present  fish  resource  to  historical  records. 

Though  we  collected  more  species  in  1988  than  in  previous  IDOC  basin-wide 
investigations  (Table  7),  records  from  IDOC  (including  the  monitoring  station  at  Ripley 
and  miscellaneous  collections),  the  Illinois  Natural  History  Survey  (Cummings  1989) 
and  Smith  (1979)  show  seven  formerly  recorded  species  were  not  collected  during  the 
1988  investigation  (Table  8).  Additionally,  the  stocked  hybrid  striped  bass  ( Morone 
chrysops  x  Morone  saxatilis ),  which  was  not  previously  listed,  had  likely  escaped  from  a 
lake  within  the  watershed  and  was  not  reproducing.  The  records  for  sauger  ( Stizostedion 
canadense )  and  white  bass  ( Morone  chrysops)  show  these  species  were  taken  in  the 
downstream  reach  of  the  LaMoine  River,  southeast  of  Ripley,  in  an  area  which  is  likely 
to  be  inhabited  by  species  moving  upstream  from  the  Illinois  River.  Species  collected 
before  1908  (Smith  1979),  and  "rediscovered"  in  1988  include  the  golden  shiner 
( Notemigenous  crysoleucas )  and  highfin  carpsucker  {Carpiodes  velifer).  One  species, 
previously  unrecorded  in  the  watershed,  the  silver  redhorse  ( Moxo stoma  anisurum ),  was 
collected  at  seven  stations. 


DISCUSSION 

Stream  quality  in  the  LaMoine  River  watershed  in  1988,  as  determined  through 
assessment  of  the  fish  community,  was  quite  variable.  This  was  apparent  in  the  wide 
range  of  species  richness,  diversity,  evenness,  and  AIBI  values  between  stations.  Notably 
impacting  streams  in  west-central  Illinois  during  this  study  was  a  severe  drought  (ISWS 
1988a;  1988c).  By  late  July,  many  tributaries  of  the  LaMoine  River  were  pooled  or 
completely  dry.  From  our  observations  in  September  (and  perhaps  earlier),  the  East  Fork 
was  reduced  to  a  series  of  large  pools.  Though  frequent  drying  of  streams  in  this 
watershed  has  been  noted  (Smith  1971),  Illinois  State  Water  Survey  reports  (ISWS 
1988a;  1988c),  indicate  a  record  level  of  drought  during  1988.  Typically,  it  might  be 
anticipated  that  drought  related  degradation  of  important  water  quality  parameters  (e.g.  diel 
dissolved  oxygen  levels,  temperature)  and  other  physical  aspects  (low  flow,  pooled 
reaches)  would  lead  to  a  reduction  in  species  richness  due  to  the  loss  of  species  intolerant 
of  such  conditions.  Though  such  affects  may  have  occurred,  we  suspect  the  latter 
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conditions  may  have  improved  sampling  efficiency  at  some  stations  by  limiting 
escapement  and  thus  contributed  to  our  catch  rates.  For  evaluating  streams  with  the  IBI, 
Karr  et  al.  (1986)  noted  the  importance  of  sampling  effort  and  sampling  pool/riffle 
sequences  or  sites  11  to  15  times  stream  width.  In  this  study,  sampling  effort  was 
sometimes  limited  by  the  pooled  condition  of  the  sites,  though  as  noted  above,  such 
conditions  do  not  appear  atypical  for  this  watershed. 

The  drought  could  also  have  initially  increased  dispersement  of  fish.  Post-drought 
movement  of  fish  into  rewetted  areas  has  been  documented  (Larimore  et  al.  1959, 
Peterson  1991)  and  we  suggest  that  fish  may  also  have  emigrated  from  these  drying  areas 
to  escape  effects  of  the  drought.  Smallmouth  bass  have  been  found  to  migrate 
downstream  in  autumn,  in  response  to  decreasing  water  temperatures  (Langhurst  and 
Schoenike  1990)  and  it  would  seem  likely  that  such  movement  could  also  occur  with 
increasing  temperature.  Preferential  temperature  selection  has  been  noted  as  a  means  of 
controlling  physiological  processes  and  could  therefore  influence  distribution  patterns  of 
fish  (Hlohowskyj  and  Wissing  1987).  Thus,  concentration  of  fish  in  areas  with  suitable 
water  quality  and  habitat  would  be  expected.  In  this  study,  these  areas  may  be  indicated  by 
the  high  AIBI  values  at  DG-02,  DGL-02  and  DGL-03  and  the  consistency  of  fish 
community  (July  and  September)  at  DGL-02  and  DGL-03.  Pools  maintained  at  these 
sites  showed  only  minor  to  minimum  water  quality  problems  (Joseph  1989).  Thus,  these 
sites  may  play  an  important  role  by  providing  fish  for  post-drought  recolonization. 
When  areas  of  recruitment  are  available,  reestablishment  of  the  fish  community  can  be 
rapid  following  a  drought  (Griswold  et  al.  1982;  Hynes  1970;  Larimore  et  al.  1959). 

Water  quality,  based  upon  the  WQI,  was  significantly  correlated  with  fish  species 
richness,  smallmouth  bass/hour  and  the  AIBI  at  electric  seine  sites  with  lower  values  of 
each  parameter  associated  with  poorer  water  quality  (higher  WQI  values).  During 
drought,  smaller  streams  are  most  likely  to  reflect  water  quality  problems  associated  with 
limited  flow. 

On  the  East  Fork,  a  longitudinal  relationship  in  the  WQI  was  apparent,  with  better  water 
quality  (lower  WQI  values)  in  the  lower  reaches  of  this  stream.  It  is  unknown  if  this 
moderate  upstream  decline  in  water  quality  was  a  consequence  of  low  flow  due  to  the 
drought,  adjacent  landuse  or  inputs  from  upstream  sources.  The  consistent  above 
average  AIBI  values  at  the  downstream  stations,  even  during  the  fall  sampling,  were 
further  evidence  of  the  higher  quality  of  these  stations.  On  the  mainstem  some  site- 
specific  differences  in  quality  were  observed,  with  the  highest  AIBI  at  DG-02  and  the 
lowest  value  at  the  uppermost  site  DG-09.  Longitudinal  trends  in  both  AIBI  and  WQI 
were  however,  not  observed  as  on  the  East  Fork. 

Comparison  of  fish  and  habitat  data  sets  suggests  a  positive  relationship  between  fish 
diversity  and  habitat  complexity.  While  we  made  no  attempt  to  directly  quantify  habitat 
diversity,  a  shift  from  the  basin-wrde  prevalent  silt  and  sand  substrates  to  coarser 
substrates,  i.e.  gravel  and  cobble,  implied  a  change  in  habitat.  Fish  diversity  basin-wide 
was  positively  correlated  (P  <  0.05)  with  both  percent  coarse  gravel  and  percent  small 
cobble  (Table  6),  supporting  Gorman  and  Karr's  (1978)  contention  that  fish  species 
diversity  in  streams  is  positively  associated  with  habitat  complexity,  of  which  substrate 
type  is  a  major  component. 
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On  the  East  Fork,  coarse  gravel  and  cobble  comprised  nearly  half  of  the  bed  material  at 
DGL-03;  these  materials  were  not  present  at  the  other  stations.  Predictably,  the  fish 
community  at  DGL-03  appeared  more  diverse  than  elsewhere  on  this  stream.  Conversely, 
despite  a  similar  species  richness,  the  fish  community  at  the  relatively  silt-laden  DGL-02 
was  dominated  by  two  tolerant  species  (Smith  1979),  the  red  shiner  and  bluntnose 
minnow.  In  the  absence  of  a  habitat  diversity  index,  the  proportion  of  coarse  gravel  and 
cobble  appeared  to  be  a  predictor  of  fish  species  diversity  at  wadeable  sites  in  the 
LaMoine  River  basin. 

At  the  four  East  Fork  stations  sampled  in  July  and  revisited  in  September,  only  small 
temporal  changes  in  AIBI  estimates  were  observed.  This  is  supported  by  the  community 
similarity  analyses  which  showed,  with  the  exception  of  DGLD-01,  summer  and  fall 
samples  from  the  same  station  to  be  more  similar  to  each  other  than  to  other  samples 
(Fig.  3).  We  are  uncertain  of  the  causes  of  the  low  similarity  between  summer  and  fall 
samples  at  DGLD-01,  though  difficulties  in  equably  sampling  a  scour  hole  downstream 
of  a  bridge  may  have  been  a  factor.  On  the  East  Fork  consistency  may  have  been 
enhanced  by  the  pooled  condition  of  this  stream  which  is  likely  to  have  reduced 
longitudinal  movement  of  fish.  Further  research  is  needed  to  determine  if  this  indication 
of  seasonal  constancy  is  maintained  under  various  water  regimes. 

Assessment  of  fish  body  condition  ( Wr )  was  limited  to  common  carp  due  to  overall  small 
sample  sizes  or  significantly  different  weight-length  regressions  between  sites,  for  other 
species.  Carp  are  typically  non-specific  in  their  feeding  habits  (Edwards  and  Twomey 
1982)  and  tolerant  of  harsh  habitat  conditions  (Smith  1979).  In  this  study,  the  sample 
parameter  (carp/hour)  was  significantly  positively  associated  with  both  detritus  and 
claypan.  While  claypan  was  only  found  at  four  sites  (Joseph  1989),  detritus  occurred  at 
all  sites  except  DGL-03  and  has  been  noted  as  a  constituent  of  the  diet  of  common  carp 
(see  Edwards  and  Twomey  1982  for  a  review  of  carp  ecology).  Despite  the  occurrence  of 
some  significant  differences  in  Wr  values  between  stations  (Fig.  4),  non-significant 
ranges  were  present  for  seven  of  the  nine  stations.  We  were  unable  to  determine  the 
specific  role  of  habitat  in  this  relationship,  since  many  of  the  sites  where  common  carp 
were  collected  were  boat  sites,  for  which  habitat  information  could  not  be  obtained. 
Additionally,  caution  in  the  use  of  Wr  in  evaluating  ecosystems  has  been  suggested 
(Murphy  et  al.  1990).  Therefore,  before  addressing  site-specific  relationships  further  work 
is  needed  to  determine  the  consistency  of  these  associations. 

No  clear  assessment  can  be  made  regarding  long-term  changes  in  species  composition  in 
the  watershed  and  implications  for  changes  in  water  quality  or  habitat.  Though  one  new 
species  (silver  redhorse)  and  two  other  species  not  collected  since  1908  were  found  in 
1988,  several  other  species  which  had  been  recorded  from  this  basin  were  not  collected 
(Table  8).  In  comparison  to  previous  IDOC  collections  (Table  7),  sampling  effort  in 
1988  may  account,  in  part,  for  the  increase  in  species  richness  especially  on  the 
mainstem  and  the  East  Fork.  The  drought  of  1988  may  also  have  improved  sampling 
efficiency  by  concentrating  fish  in  a  smaller  area  following  the  dessication  of  tributaries. 
Many  tributaries  which  were  sampled  in  1966  and  1976  could  not  be  sampled  in  1988 
due  to  drought  conditions  (Table  7). 

Despite  limited  year-round  use  by  fish,  seasonally  desiccated  tributaries  may  function  as 
spawning  and/or  nurseries  for  sport  fish  when  sufficient  flow  is  available.  From  our 
reconnaissance  in  spring,  we  found  some  streams  (Camp  Creek,  Little  Missouri  Creek 
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and  Williams  Creek)  with  substrates  consisting  of  bedrock,  gravel,  cobble  or  boulders, 
which  are  considered  valuable  to  sport  fish  such  as  smallmouth  bass  (Todd  and  Rabeni 
1989;  Edwards  et  al.  1983;  Smith  1979)  and  channel  catfish  (McMahon  and  Terrell 
1982).  Even  with  limited  direct  use  by  sport  fish,  these  streams  may  provide  them  with 
forage.  Though  some  studies  have  found  little  movement  of  smallmouth  bass  in  streams 
(Todd  and  Rabeni  1989),  seasonal  migration  of  this  species  of  distances  up  to  109  km 
has  been  reported  from  the  northern  range  of  this  species,  in  Wisconsin  (Langhurst  and 
Schoenike  1990).  While  little  is  known  about  seasonal  movements  of  smallmouth  bass 
in  Illinois,  the  Wisconsin  study  demonstrates  the  potential  value  of  the  LaMoine  River 

tributaries  to  the  smallmouth  bass  fishery  of  the  Illinois  River. 

► 

Future  studies  within  this  watershed  should  focus  on  use  of  specific  areas  by  fish  during 
drought  and  consistency  of  use  under  various  water  regimes.  If  defined  stream  reaches  are 
used  by  fish  as  refugia,  it  is  essential  these  areas  be  protected  from  degradation. 
Information  regarding  these  associations,  along  with  angler  usage  is  needed  for  fish 
management  and  stream  protection  within  the  LaMoine  River  basin. 

ACKNOWLEDGEMENTS 

We  wish  to  extend  our  sincere  appreciation  to  Bill  Tucker,  Bill  Ettinger,  Matthew  Short, 
Mark  Joseph  and  Gail  Proper  of  the  Illinois  Environmental  Protection  Agency  for 
assistance  in  collection  of  fish  samples  and  providing  water  quality  and  habitat  data. 
Additional  field  assistance  was  provided  by  Division  of  Fisheries  Chief,  Mike  Conlin, 
Programs  Section  Head,  Jim  Allen,  Division  of  Fisheries  biologists  Dan  Sallee,  Bob 
Dunn  and  Ed  Walsh;  Division  of  Planning  biologist  Doug  Carney  and  Endangered 
Species  Protection  Board,  Project  Manager  Glen  Kruse.  Additional  assistance  was  also 
provided  by  Dr.  Richard  V.  Anderson  and  Dr.  Michael  A.  Romano  of  Western  Illinois 
University. 

We  would  also  like  to  thank  Kevin  Cummings  and  Dr.  Larry  Page  of  the  Illinois  Natural 
History  Survey  for  fish  distribution  information. 

Critical  review  of  the  manuscript  by  Dr.  Lew  Osborne  (INHS),  Dr.  John  Lyons 
(Wisconsin  DNR)  and  two  anonymous  reviewers  is  greatly  appreciated. 

This  project  was  funded  by  the  Illinois  Department  of  Conservation,  Division  of 
Fisheries  and  Federal  Aid  to  Sport  Fish  Restoration  Project  F67R. 

LITERATURE  CITED 

Barker,  B.,  J.  B.  Carlisle,  P.  F.  Kramer.  1970.  LaMoine  River  Basin  Study  -  a  comprehensive 
plan  for  water  resource  development.  State  of  Illinois,  Dept,  of  Public  Works  and  Buildings, 
Division  of  Waterways.  59  pp. 

Bayley,  P.  B.,  R.  W.  Larimore  and  D.C.  Dowling.  1989.  Electric  seine  as  fish-sampling  gear 
in  streams.  Trans.  Am.  Fish.  Soc.  118:447-453. 

Berkman,  H.  E.  and  C.  F.  Rabeni.  1987.  Effect  of  siltation  on  stream  fish  communities. 

Environmental  Biology  of  Fishes  18:285-294. 

Brower,  J.  E.  and  J.  H.  Zar.  1977.  Field  and  laboratory  methods  for  general  ecology.  2nd 
edition.  Wm.  C.  Brown  Publishers,  Dubuque,  IA.  226  pp. 

Buth,  D.  G.  1974.  An  analysis  of  the  fish  fauna  of  the  Embarras  River  in  Champaign  County, 
Illinois.  Trans.  Ill.  St.  Acad.  Sci.  67(l):47-59. 

Cummings,  K.  1989  (Pers.  Comm.)  Species  list  of  fish  taken  from  the  LaMoine  River  basin. 
Illinois  Natural  History  Survey.  Champaign,  IL  61820 


58 


Dunn,  R.  1976  (Unpubl.).  Illinois  Dept,  of  Conservation,  LaMoine  River  basin  fisheries  data. 
Streams  Program,  Aledo,  IL. 

Eckblad,  J.  1989.  Ecological  Analysis  Volume  3-PC.  Oakleaf  Systems,  P.O.  Box  472. 
Decorah,  IA  52101. 

Edwards,  E.  A.,  G.  Gebhart  and  O.  E.  Maughn  1983.  Habitat  Suitability  Information: 
Smallmouth  bass.  U.S.  Dept,  of  the  Interior,  Fish  and  Wildlife  Service.  FWS/OBS- 
82/10.36  47  pp. 

Edwards,  E.  A.  and  K.  Twomey  1982.  Habitat  suitability  index  models:  common  carp.  U.S. 
Dept,  of  Interior,  Fish  and  Wildlife  Service.  FWS/OBS-82/10.12  28  pp. 

Fausch,  K.D.,  J.  Lyons,  J.R.  Karr  and  P.L.  Angermeier.  1990.  Fish  communities  as  indicators 
of  environmental  degradation.  Trans.  Am.  Fish  Soc.  Symposium  8:123-144. 

Gabelhouse,  D.  W.  Jr.  1984.  A  length-categorization  system  to  assess  fish  stocks.  N.  Am.  J. 
Fish.  Manage.  4:273-285. 

Gorman,  O.  T.  and  J.  R.  Karr  1978.  Habitat  structure  and  stream  fish  communities.  Ecology 
59:507-515. 

Griswold,  B.  L.,  C.  J.  Edwards,  and  L.  C.  Woods  III.  1982.  Recolonization  of 
macroinvertebrates  and  fish  in  a  channelized  stream  after  a  drought.  Ohio  J.  Sci.  82(3):  96- 
102. 

Hite,  R.  L.  and  W.  A.  Bertrand  1989.  Biological  Stream  Characterization  (BSC):  A  biological 
assessment  of  Illinois  stream  quality.  Special  Report  13  of  the  Illinois  State  Water  Plan  Task 
Force.  Illinois  Environmental  Protectiona  Agency  Report:  IEPA-WPC-89-275.  Springfield, 
IL.  42  pp. 

Hlohowskyj,  I.  and  T.E.  Wissing.  1987.  Seasonal  changes  in  the  thermalpreferencesoffantail 
(Ethe o stoma flabellare),  rainbow  ( E .  caeruleum),  greenside  (E.  blennoides )  darters  In:  W.  J. 
Matthews  and  D.  C.  Heins,  editors,  "Community  and  Evolutionary  Ecology  of  North 
American  Stream  Fishes".  University  of  Oklahoma  Press.  310  pp. 

Horn,  H.  S.  1966.  Measurement  of  "overlap"  in  comparative  ecological  studies.  Amer.  Natur. 
100:419-424. 

Hynes,  H.  B.  N.  1970.  The  ecology  of  running  waters.  University  of  Toronto  Press.  Richard 
Clay  (The  Chaucer  Press)  Ltd.,  Bungay,  Suffolk. 

IEPA  1987.  Illinois  Environmental  Protection  Agency.  Quality  Assurance  and  Methods 
Manual.  Division  of  Water  Pollution  Control.  Planning  Section.  Springfield,  IL. 

Illinois  State  Water  Survey.  1988a.  Illinois  Water  and  Climate  Summary  (July,  1988).  Illinois 
State  Water  Survey.  Champaign,  EL.  12  pp. 

Illinois  State  Water  Survey.  1988b.  Memorandum  regarding  the  drought  in  Illinois  (September 
6,  1988).  Contact  persons  Wayne  Wendland,  Michael  Bender,  Steven  Hollinger.  Illinois 
State  Water  Survey.  Champaign,  IL.  4  pp. 

Illinois  State  Water  Survey.  1988c.  Illinois  Water  and  Climate  Summary  (September,  1988). 
Illinois  State  Water  Survey.  Champaign,  IL.  5  pp. 

Illinois  Streams  Information  System  (ISIS).  Illinois  Department  of  Conservation.  Division  of 
Planning.  Springfield,  IL. 

Joseph,  M.  W.  1989.  An  intensive  survey  of  the  LaMoine  River  basin.  State  of  Illinois, 
Environmental  Protection  Agency,  Division  of  Water  Pollution  Control,  Planning  Section. 
Springfield,  IL.  44  p. 

Kaesler,  R.  L.  and  E.  E.  Herricks.  1976.  Analysis  of  data  from  biological  surveys  of  streams: 
diversity  and  sample  size.  Water  Resources  Bulletin  12:125-135. 

Karr,  J.R.  1981.  Assessment  of  biotic  integrity  using  fish  communities.  Fisheries  (Bethesda) 
6(6):2 1  -27. 

Karr,  J.  R.,  K.  D.  Fausch,  P.  L.  Angermeier,  P.  R.  Yant  and  I.  J.  Schlosser.  1986.  Assessing 
biological  integrity  in  running  waters:  A  method  and  its  rationale.  Illinois  Natural  History 
Survey  Special  Publication  5.  28  pp. 

Langhurst,  R.W.  and  D.L.  Schoenike.  1990.  Seasonal  migration  of  smallmouth  bass  in  the 
Embarrass  and  Wolf  Rivers,  Wisconsin.  N.  Am.  J.  Fish.  Manage.  10:224-227. 

Larimore,  R.  W.  and  P.  W.  Smith  1963.  The  fishes  of  Champaign  County,  Illinois,  as  affected 
by  60  years  of  stream  changes.  Illinois  Natural  History  Survey  Bull.  28(2):  299-382. 

Larimore,  R.  W.,  W.  F.  Childers,  and  C.  Heckrotte.  1959.  Destruction  and  re -establishment  of 
stream  fish  and  invertebrates  affected  by  drought.  Trans.  Am.  Fish.  Soc.  88:261-85. 

Lewis,  W.  M.,  R.  C.  Heidinger,  M.  H.  Laller,  and  L.  J.  Wawronowicz.  1981.  Effects  of 
municipal  sewage  on  fish  communities  in  selected  Illinois  streams.  Pp.  224-240  In:  Proc. 
of  Warmwater  Streams  Symposium,  Amer.  Fish.  Soc.,  Knoxville,  TN. 


59 


McMahon,  T.  E.  and  J.  W.  Terrell.  1982.  Habitat  Suitability  Index  Models:  Channel  Catfish. 

U.S.  Dept,  of  the  Interior  Fish  and  Wildlife  Service.  FWS/OBS-82/10.2  29  pp. 

Miller,  D.  L.,  P.  M.  Leonard,  R.  M.  Hughes,  J.  R.  Karr,  P.  B.  Moyle,  L.  H.  Schrader,  B.  A. 
Thompson,  R.  A.  Daniels,  K.  D.  Fausch,  G.  A.  Fitzhugh,  J.  R.  Gammon,  D.  B.  Halliwell,  P. 

L.  Angermeier,  and  D.  J.  Orth.  1988.  Regional  applications  of  an  index  of  biotic  integrity 
for  use  in  water  resource  management.  Fisheries  13:12-20. 

Murphy,  B.  R.,  M.  L.  Brown,  and  T.  A.  Springer.  1990.  Evaluation  of  the  Relative  Weight 
(Wr)  Index,  with  new  application  to  Walleye.  N.  Am.  J.  of  Fish.  Manage.  10:85-97. 

Murphy,  B.  R.,  D.  W.  Willis,  and  T.  A.  Springer.  1991.  The  relative  weight  index  in  fisheries 
management:  Status  and  needs.  Fisheries  16:30-38. 

Peterson,  J.  T.  1991.  The  colonization  of  fish  in  decimated  sections  of  warmwater  streams. 

M. S.  Thesis  University  of  Illinois.  Champaign,  IL.  21  pp. 

Pflieger,  W.  L.  1975.  The  fishes  of  Missouri.  2nd  Printing  Missouri  Department  of 
Conservation.  343  pp. 

Rock,  L.  1966.  Unpublished  fisheries  data  from  the  LaMoine  River  Basin.  Illlinois  Dept,  of 
Conservation.  Streams  Program,  Aledo,  IL. 

Smith,  P.  W.  1971.  Illinois  Streams:  A  classification  based  on  their  fishes  and  an  analysis  of 
factors  responsible  for  disappearance  of  native  species.  Illinois  Natural  History  Survey 
Biol.  Notes  No.  76.  14  pp. 

Smith,  P.  W.  1979.  Fishes  of  Illinois.  University  of  Illinois  Press.  314  pp. 

Sneath,P.H.A.  and  R.  R.  Sokal.  1973.  Numerical  Taxonomy.  Freeman,  San  Francisco,  CA. 
Stephen,  J.  L.  1978.  Marketable  fisheries  investigations.  Kansas  Fish  and  Game 
Commission,  National  Marine  Fisheries  Service  Project  2-272-R,  Final  Report,  Pratt. 
Strahler,  A.  N.1957.  Quantitative  analyis  of  watershed  geomorphology.  Trans.  Am.  Geophys. 
Union.  38:913-920. 

Todd,  B.  L.  and  C.  F.  Rabeni.  1989.  Movement  and  habitat  use  by  stream-dwelling  smallmouth 
bass.  Trans.  American  Fish.  Soc.  118:229-242. 

Wege,  G.  J.  and  R.  O.  Anderson.  1978.  Relative  Weight  (Wr):  a  new  index  of  condition  for 
largemouth  bass.  Pages  79-91  In:  G.  D.  Novinger  and  J.  G.  Dillard,  editors.  "New 
approaches  to  the  management  of  small  impoundments".  North  Central  Division,  American 
Fisheries  Society,  Special  Publication  5. 

Wilkinson,  L.  1988.  SYSTAT:  The  system  for  statistics.  Evanston,  IL.  SYSTAT,  Inc.  1988. 
Willman,  H.  B.,  E.  Atherton,  T.  C.  Buschbach,  C.  Collinson,  J.  C.  Frye,  M.  E.  Hopkins,  J.  A. 
Lineback,  and  J.  A.  Simon  1975.  Handbook  of  Illinois  stratigraphy.  Illinois  State 
Geological  Survey  Bulletin  95. 

Zar,  J.  H.  1984.  Biostatistical  Analysis.  Second  Edition.  Prentice-Hall,  Inc.,  Englewood 
Cliffs,  NJ  07632.  718  pp. 

Zeuhls  E.  E.  1987.  Hydrology  of  Area  27,  Eastern  Region,  Interior  Coal  Province,  Illinois. 
U.S.G.S.  Water  Resources  Investigations  Open-File  Report  84-707.  62  pp. 


60 


Figure  1.  Map  of  the  LaMoine  River  Basin  showing  stations 

sampled  in  1988. 
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Figure  2 


Figure  3 


.  Coefficient  of  similarity  for  boat  electrofishing 
stations  using  Horn's  Index,  based  upon 
number/hour  for  all  taxa. 


j—  I— I; 


DGL-07  (Sept.) 
DGL-04 

DGL-04  (Sept.) 
DGL-08  (Sept.) 
DG-07 

DGL-06  (Sept.) 

DG-09 

DG-01 

DG-06 

DG-02 


I  — I— I  — I— -I  — I 


o:o  o: i  o.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1:0 

Coefficient  of  Similarity 


Coefficient  of  similarity  for  electric  seine 
stations  using  Horn's  Index  based  upon 
number /hour  and  all  taxa. 


DGJA-01 

DGLD-01  (Sept.) 

DGL-05 

DGLC-01 

DG-08 

DGL-02 

DGL-02  (Sept.) 
DGL-03  (Sept.) 

DGL-03 

DGJ-04 

DGIA-03 

DGJ-03 

DGJ-02 

DGLD-01 

DGD-01 


OlO  011  0 !  2  0(3  0(4  o!s  o!6  0(7  o!8  0(9  l!o 


Coefficient  of  Similarity 


Mean  Relative  Weight  (Wi) 


62 


Figure  4.  Mean  relative  weight  (Wr)  of  each  sample  for  common  carp. 

Nonsignificance  is  indicated  by  horizontal  bars.  (Equation: 
LogioWs  =  -4.418  +  2.859*LogioLength).  Sample  size  for 
each  station  is  indicated  within  each  bar. 
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Table  1.  Percent  composition  of  each  species  for  all  stations 
based  upon  total  relative  abundance  ( number/hour )  for 
all  fish.  Total  number/hour  are  summed  for  each 
species  across  all  stations  and  divided  by  the 
total  number/hour  for  all  species  and  sites. 


Species 


Percent  Composition 


1  Red  shiner  ( Cyprinella  lutrensis) 

2  Bluntnose  minnow  ( Plmephales  notatus ) 

3  Green  sunfish  ( Lepomis  cyanellus) 

4  Sand  shiner  ( Notropls  ludlbundus) 

5  Creek  chub  ( Semotllus  atromaculatus) 

6  Common  stoneroller  ( Campostoma  anomalum ) 

7  Johnny  darter  ( Etheostoma  nigrum) 

8  Redfin  shiner  ( Lythrurus  umbratilis) 

9  Blackstripe  topminnow  ( Fundulus  notatus) 

10  Bigmouth  shiner  ( Notropis  dorsalis) 

11  Suckermouth  minnow  ( Phenacobius  mirabilis) 

12  Gizzard  shad  ( Dorosoma  cepedianum) 

13  Shorthead  redhorse  ( Moxostoma  macrolepidotum) 

14  Common  carp  ( Cyprinus  carpio) 

15  White  sucker  (Catostomus  commersoni) 

16  Smallmouth  bass  ( Micropterus  dolomeiu) 

17  Emerald  shiner  ( Notropis  atherinoides) 

18  Quillback  ( Carpiodes  cyprinus) 

19  Northern  hogsucker  ( Hypentelium  nigricans) 

20  Yellow  bullhead  (A meiurus  natalis) 

21  Golden  redhorse  ( Moxostoma  erythrurum) 

22  Orangethroat  darter  ( Etheostoma  spectabile) 

23  Hornyhead  chub  ( Nocomis  biguttatus) 

24  Slenderhead  darter  ( Percina  phoxocephala) 

25  River  carpsucker  ( Carpiodes  carpio) 

26  Blackside  darter  ( Percina  maculata) 

27  Channel  catfish  ( Ictalurus  punctatus) 

28  Highfin  carpsucker  ( Carpiodes  velifer) 

29  Silver  redhorse  ( Moxostoma  anisurum) 

30  Freshwater  drum  (A plodinotus  grunniens) 

31  Fathead  minnow  ( Pimephales  promelas) 

32  Fantail  darter  ( Etheostoma  flabellare) 

33  Stonecat  ( Noturus  flavus) 

34  White  crappie  ( Pomoxis  annularis) 

35  Largemouth  bass  ( Micropterus  salmoides) 

36  Bluegill  ( Lepomis  macrochirus) 

37  Black  buffalo  ( Ictiobus  niger) 

38  Flathead  catfish  ( Pylodictus  olivaris) 

39  Smallmouth  buffalo  ( Ictiobus  bubalus) 

40  Bigmouth  buffalo  (Ictiobus  cyprinellus) 

41  Black  bullhead  (A meiurus  melas) 

42  Golden  shiner  ( Notemigonus  crysoleucas) 

43  Black  crappie  ( Pomoxis  nigromaculatus) 

44  Longnose  gar  ( Lepisosteus  osseus) 

45  Shortnose  gar  (Lepisosteus  platosomus) 

46  Freckled  madtom  (Noturus  nocturnus) 

Hybrid  sunfish  (Lepomis  species) 


27.570 

14.530 

7.059 

5.853 

5.771 

5.465 

5.024 

4.692 

3.840 

3.143 

2.918 

1.869 

1.742 

1.326 

1.131 

1.089 

0.874 

0.847 

0.724 

0.698 

0.648 

0.569 

0.545 

0.376 

0.257 

0.196 

0.181 

0.178 

0.150 

0.133 

0.111 

0.101 

0.090 

0.076 

0.068 

0.065 

0.060 

0.053 

0.020 

0.015 

0.007 

0.005 

0.004 

0.004 

0.004 

0.004 

0.038 


Table  2.  Relative  abundance  (number/hour)  of  fish  from  boat  electrofishing  (EF/AC)  and  total  number  of  fish  from  seine  hauls  (SH) 
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Table  3.  Relative  abundance  (number/hour)  of  fish  collected  with  the  electric  seine  (ES/AC). 
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Table  4.  Alternate  Index  of  Biotic  Integrity  (AIBI), 

Water  Quality  Index  (WQI),  diversity  and 
evenness  values  for  stations  sampled  in  the 
LaMoine  River  Basin  in  1988. 


Stream 

Station 

Code 

AIBia 

WQIb  C 

Brillouin 

Diversity  Evenness 

July 

LaMoine  River 

DG-01 

43.6 

25.5 

2.06 

0.695 

DG-02 

52.4 

31.6 

2.32 

0.779 

DG-06 

44.7 

33.2 

1.60 

0.651 

DG-07 

46.9 

26.3 

2.44 

0.817 

DG-08 

44.0 

13 

1.87 

0.703 

DG-09 

36.0 

73.7 

1.38 

0.513 

Missouri  Creek 

DGD-01 

42.5 

34.2 

1.78 

0.634 

Grindstone  Creek 

DGIA-03 

44.7 

37 

2.21 

0.706 

Troublesome  Creek 

DGJ-02 

38.2 

67.8 

1.78 

0.692 

DGJ-03 

38.2 

74.1 

1.91 

0.749 

DGJ-04 

33.8 

71.2 

2.08 

0.861 

Killjordan  Creek 

DGJA-01 

44.7 

67.1 

1.52 

0.611 

East  Fork 

DGL-02 

51.3 

20.4 

1.54 

0.514 

LaMoine  River 

DGL-03 

51.3 

30.7 

2.44 

0.798 

DGL-04 

40.4 

39.9 

1.62 

0.677 

DGL-05 

38.2 

41.5 

1.35 

0.483 

Drowning  Fork 

DGLC-01 

38.2 

94.7 

1.20 

0.470 

Farmers  Fork 

DGLD-01 

38.2 

44 

1.81 

0.726 

September 

East  Fork 

DGL-02 

46.9 

— 

1.41 

0.481 

LaMoine  River 

DGL-06 

42.5 

— 

2.08 

0.714 

(downstream  to 

DGL-03 

49.1 

— 

2.22 

0.708 

upstream) 

DGL-07 

27.3 

— 

1.27 

0.579 

DGL-04 

38.2 

— 

1.18 

0.471 

DGL-08 

37.1 

— 

1.11 

0.471 

Farmers  Fork 

DGLD-01 

38.2 

— 

1.39 

0.584 

a-Aquatic  Resource  Description  (IBI  value):  Unique  (51-60), 
Highly  valued  (41-50),  Moderate  (31-40),  Limited  (21-30), 
Restricted  (<  20).  From  Hite  and  Bertrand  (1989). 
b-From  Joseph  (1989) 

c-Scale  of  0  -  100  (0  =  No  problems,  100  =  Severe  problems) 
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Table 


5.  Length  categorization  of  sport  fish  species  from 
electrofishing  samples  collecte  from  the  LaMoine 
River  Basin  (1988).  Values  are  number/hour.  Stock, 
quality  and  preferred  values  represent  minimum 
length  (mm)  for  each  category.  (After  Gablehouse 
1984) . 
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Table  7.  Comparison  of  species  richness  from  1988  sampling 

with  previous  Illinois  Department  of  Conservation 
basin-wide  investigations  of  Rock  (1966)  and 
Dunn  ( 1976 ) . 


Number  of 

Stationsa 

Number 

of  Species*3 

Stream 

1966 

1976  1988 

1966 

1976 

1988 

LaMoine  River 

3 

3 

6 

25 

25 

39 

E.  Fork  LaMoine  River 

1 

1 

10a 

25 

14 

36 

Grindstone  Creek 

— 

1 

1 

— 

10 

23 

Troublesome  Creek 

1 

1 

3 

12 

7 

16 

Killjordan  Creek 

— 

— 

1 

— 

— 

12 

Missouri  Creek 

1 

— 

1 

14 

— 

17 

Drowning  Fork 

— 

— 

1 

— 

— 

13 

Farmers  Fork 

— 

— 

2a 

— 

— 

13 

Rock  Creekc 

1 

1 

— 

14 

10 

— 

Pilot  Grove  Creekc 

1 

1 

— 

12 

14 

— 

Long  Creekc 

1 

1 

— 

14 

10 

— 

LaHarpe  Creekc 

1 

1 

— 

13 

7 

— 

Bronson  Creekc 

1 

1 

— 

15 

8 

— 

Williams  Creekc 

1 

1 

— 

19 

12 

— 

Camp  Creekc 

2 

1 

— 

24 

10 

— 

Total 

14 

11 

25 

39 

32 

47 

a  -  Includes  stations 

resampled 

in  the  fall,  1988 

i. 

b  -  Includes  hybrid  categories. 

c  -  Not  sampled  in  1988. 

Table  8.  Fish  species 

not 

collected  in  1988,  but 

previously 

recorded  by 

IDOC, 

the 

INHS  or  Smith  (1979)  . 

Common  shiner 

( Luxllus 

cornutus ) 

Southern  Redbelly  dace  ( Phoxlnus  erythrogaster) 

Silvery  minnow 

( Hybognathus  nuchalls) 

White  bass 

( Morone 

chrysops ) 

Hybrid  stripe  bass 

( Morone 

chrysops  x 

Morone 

saxatallls ) 

Pumpkinseed  sunfish 

( Lepomls 

glbbosus ) 

Sauger 

( Stlzostedion  canadense ) 

Logperch 

( Perclna 

caprodes ) 

a  -  From  (Cummings,  1989). 

b  -  Historical  occurrence  as  determined  from  distributional 
maps  in  Smith  (1979).  Species  collected  prior  to  1908, 
but  not  collected  since  that  time  are  not  included. 
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ABSTRACT 

The  responses  of  Philophthalmus  gralli  miracidia  in  pond  water  controls  and  pond  water 
at  pH  7.5  adjusted  to  1.25%  saline  (percent  NaCl),  1.75%  saline,  pH  5,  pH  9  and  pH  11 
to  solutions  of  1.0  mM  and  10.0  mM  glutamic  and  aspartic  acids  were  tested  in  phi- 
chambers.  Reductions  in  response  from  the  pond  water  control  were  found  for  all 
solutions  tested  but  were  most  pronounced  at  pH  5  and  pH  1 1.  The  swimming  behavior 
of  miracidia  at  pH  5,  pH  11,  and  1.75%  saline  were  observed  on  videotape  recordings. 
Miracidia  in  1.75%  saline  showed  normal  behavior  while  those  at  pH  5  and  pH  11 
showed  a  significantly  increased  activity  when  compared  to  pond  water  controls.  The 
swimming  speed  of  miracidia  in  1.75%  saline  was  significantly  slower  than  those  in  the 
pond  water  control. 


INTRODUCTION 

Miracidia  of  digenetic  trematodes  hatch  from  eggs  and  use  various  behavioral  mechanisms 
to  locate  their  snail  hosts.  Reactions  to  light,  chemicals,  and  gravity  place  miracidia  in 
the  general  vicinity  of  the  specific  snail  host.  Thus  the  behavioral  responses  of 
miracidia  vary  according  to  species  and  mimic  the  behavioral  responses  of  the  target  snail. 
In  some  cases  responses  of  miracidia  may  change  with  variations  in  environmental 
conditions.  These  could  result  from  natural  variations  in  pH  and  salinity  or  from  man¬ 
made  changes  resulting  from  acid  precipitation  and  salinization  of  aquatic  systems. 

Investigations  with  eyefluke  miracidia  ( Philophthalmus  gralli )  indicated  that  positive 
geotactic  and  phototactic  behavior  were  diminished  somewhat  by  extreme  deviations 
from  room  temperature  (Keshavarz-Valian  and  Nollen,  1980).  Philophthalmus  gralli 
miracidia  also  show  strong  chemokinetic  responses  to  certain  chemicals  including 
glutamic,  aspartic,  sialic,  sulfuric,  acetic,  and  hydrochloric  acids  (Keshavarz-Valian  et  al., 
1981).  These  eyefluke  miracidia  are  quite  resistant  to  various  environmental  conditions 
such  as  abnormal  salinities  and  pH,  since  P.  gralli  miracidia  have  a  half  life  of  155  min  at 
2.0%  NaCl,  88  min  at  pH  5,  and  242  min  at  pH  11  (Nollen  et  al.,  1979). 
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This  study  was  undertaken  to  see  if  variations  in  environmental  conditions,  such  as 
changes  in  pH  and  salinity,  would  cause  a  change  in  the  chemotactic  responses  of  P. 
gralli  miracidia  to  chemicals  or  affect  their  swimming  speed.  Philophthalmus  gralli 
miracidia  react  strongly  to  glutamic  and  aspartic  acids  under  normal  environmental 
conditions,  These  chemicals  were  used  to  test  taxes  in  conditions  not  normally  found  in  a 
fresh  water  environment,  yet  in  which  P.  gralli  miracidia  survive.  Swimming  variations 
were  determined  by  video  recordings. 

MATERIALS  AND  METHODS 

Miracidia  of  P.  gralli  were  obtained  from  adults  grown  in  the  eyes  of  chickens.  Gravid 
adults,  removed  to  test  solutions,  immediately  laid  eggs  from  which  miracidia  hatched 
within  minutes.  Saline  solutions  were  prepared  with  NaCl  by  weight/volume  in  filtered 
pond  water.  Solutions  of  varying  pH  were  prepared  by  addition  of  0.1N  HC1  or  0.1N 
NaOH  to  filtered  pond  water  until  the  desired  pH  was  reached  as  determined  by  pH  meter. 

The  responses  of  miracidia  to  known  stimulants  in  various  environmental  conditions 
were  tested  using  the  phi-chamber  technique  of  Roberts  et  al.  (1978).  The  solutions  used 
were  1.25  or  1.75%  saline,  pH  5,  9,  or  11,  and  a  filtered  pond  water  control  (pH  7.5). 
Three  replicates  were  performed  for  each  test  chemical  in  each  environmental  condition. 

Swimming  speed  and  behavior  were  determined  for  miracidia  in  1.75%  saline,  at  pH  5  or 
11,  and  in  filtered  pond  water.  Miracidia  hatched  in  each  of  the  specific  environments 
were  observed  using  a  dissecting  microscope  and  recorded  with  a  JVC  (model  s-lOOCH) 
video  camera.  A  5-mm  grid  was  placed  under  the  dish  containing  the  miracidia. 
Swimming  behavior  was  determined  by  comparing  the  number  of  miracidia  displaying 
normal  swimming  patterns  to  those  showing  modified  swimming  behavior  (increased 
turning  rate  or  erratic  movements).  Swimming  speed  was  determined  by  timing 
individual  miracidia  as  they  swam  across  a  specific  5-mm  square.  All  miracidia  used 
were  less  than  3  hr  old. 


RESULTS 

Responses  to  stimulating  chemicals  by  P.  gralli  miracidia  in  different  environmental 
conditions  are  given  in  Table  1.  A  change  in  environment  resulted  in  a  reduction  of 
response  by  miracidia  to  glutamic  and  aspartic  acids;  in  some  cases  this  reduction  was 
significant.  Altering  the  pH  from  the  control  value  generally  had  a  greater  effect  on  the 
response  than  did  a  change  in  the  salinity. 

The  effect  of  1.25%  saline  was  only  significantly  different  from  controls  when  higher 
concentrations  of  chemicals  were  used,  A  very  significant  reduction  in  response  (85%  to 
57%)  was  observed  when  miracidia  in  1.25%  saline  were  exposed  to  10.0  mM  glutamic 
acid.  In  1.75%  saline,  a  significant  reduction  in  response  was  only  observed  when 
glutamic  acid  served  as  the  stimulant.  The  greatest  reduction  in  response  was  observed 
when  1.0  mM  glutamic  acid  was  inoculated  into  1.75%  saline.  This  instance  plus 
exposure  of  miracidia  to  10.0  mM  glutamic  acid  in  1.25%  saline  were  the  only 
experiments  with  increased  salinities  where  no  significant  chemoresponses  to  either 
glutamic  or  aspartic  acid  were  detected. 
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A  change  from  pond  water  (pH  7.5)  to  an  acidic  pH  5  or  an  alkaline  pH  1 1  elicited  a 
significant  decrease  in  response  by  miracidia  to  all  concentrations  of  chemicals  used. 
Approximately  a  50/50  distribution  in  the  phi-chambers  indicating  a  lack  of  response  by 
miracidia  to  the  chemicals  was  observed  in  several  trials  with  solutions  of  pH  5  and  1 1 . 
Changing  the  pH  from  the  pond  water  control  to  pH  9  did  not  have  a  significant  effect  on 
the  response  except  with  1.0  mM  glutamic  acid  (77%  to  51%)  which  is  comparable  to 
that  found  for  pH  5. 

Results  of  the  swimming  behavior  experiments  as  determined  by  videotape  analysis 
showed  that  a  1.75%  saline  solution  has  no  apparent  effect  on  the  swimming  behavior  of 
P.  gralli  miracidia.  Eighty-one  percent  of  miracidia  in  pond  water  exhibited  normal 
swimming  behavior  compared  to  73%  in  1.75%  saline.  Measurements  of  swimming 
speed  from  the  video  tapes  showed  that  these  miracidia  had  a  mean  speed  of  1.84  mm/sec 
which  was  significantly  slower  than  the  2.15  mm/sec  calculated  for  miracidia  in  pond 
water.  However,  placing  miracidia  in  pH  5  and  pH  1 1  solutions  did  cause  a  significant 
deviation  from  normal  straight-line  swimming  behavior.  Only  37%  of  miracidia  in  pond 
water  at  pH  5  and  21%  in  pH  1 1  pond  water  were  observed  in  straight-line  movements. 
Swimming  speed  for  these  miracidia  was  impossible  to  determine  because  of  their  erratic 
movements  through  the  grids. 

DISCUSSION 

The  results  of  the  phi-chamber  experiments  indicated  that  a  change  in  pH  or  salinity  from 
normal  pond  water  caused  a  reduction  in  the  response  to  stimulating  chemicals  by  P. 
gralli  miracidia.  Changes  in  pH,  either  to  a  basic  or  acidic  condition,  proved  to  have  a 
greater  effect  on  response  than  did  salinity.  Nollen  et  al.  (1979)  found  that  the  half-life 
of  P.  gralli  miracidia  was  greatly  reduced  by  changing  the  pH  to  either  5  or  11. 
Approximately  a  7-fold  reduction  in  half-life  was  observed  for  miracidia  in  pH  5  solution. 
In  contrast,  they  found  that  an  increase  in  salinity  to  1.4%  had  little  effect  on  the  half-life 
of  the  miracidia;  a  drastic  drop  in  longevity  was  not  observed  until  miracidia  were  exposed 
to  levels  above  2.0%  saline. 

The  effects  of  pH  and  salinity  on  chemoresponses  of  miracidia  have  not  been  tested  for 
any  other  trematode  species.  Changes  in  response  to  gravity  and  light  have  been 
documented  with  variations  in  temperature  and  light  (Takahashi  et  al.,  1961;  Shiff,  1974; 
Mason  and  Fripp,  1976;  Keshavarz-Valian  and  Nollen,  1980).  The  only  previous  work 
to  document  a  loss  of  chemoresponse  was  due  to  aging  of  the  miracidia.  This  was 
reported  by  Prechel  and  Nollen  (1979)  who  found  that  miracidia  of  Megalodiscus 
temperatus  became  less  reactive  to  snail-conditioned  water  with  increasing  age. 

The  reduced  response  of  P.  gralli  miracidia  in  saline  might  be  explained  by  their  slower 
swimming  speed  when  exposed  to  saline  (1.84  mm/sec  in  1.75%  NaCl  vs.  2.15  mm/sec 
in  pond  water).  Slower  swimming  speeds  have  been  observed  in  other  species  as 
miracidia  age.  This  may  account  for  the  reduced  chemoresponse  in  this  study  as  was 
reported  for  M.  temperatus  by  Prechel  and  Nollen  (1979). 

Results  of  our  study  showed  that  either  a  basic  or  acidic  solution  caused  a  reduced 
response  by  P.  gralli  miracidia  to  stimulating  chemicals.  Videotape  observations  of 
miracidial  behavior  in  these  solutions  without  glutamic  and  aspartic  acids  present  showed 
a  significant  increase  in  the  numbers  exhibiting  a  stimulated  behavior.  This  behavior  is 
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undoubtedly  the  cause  of  the  reduced  response  to  stimulants  in  phi-chambers.  This  could 
result  from  a  decrease  in  the  area  of  the  phi-chamber  frequented  by  the  miracidia  thereby 
reducing  the  chance  of  encountering  the  inoculated  stimulants  or  a  reduced  ability  to  react 
to  added  chemicals  when  already  stimulated  by  the  acidic  or  basic  conditions. 

The  normal  swimming  speed  of  P.  gralli  (2.15  mm  sec)  is  almost  identical  to  that 
recorded  for  miracidia  of  Schistosoma  mansoni  (2.19  mm/sec)  by  Mason  and  Fripp 
(1976)  and  M.  temperatus  (2.19  mm/sec)  by  Prechel  (1974). 
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Table  1.  The  response  to  stimulating  chemicals  of  Philophthalmus  gralli  miracidiain 
various  test  solutions. 


Percent  miracidia  in  inoculated  side  of  phi-chamber 


Test  solution 

Salinity  %  pH 

1.0  mM 
Glutamic 
acid 

10.0  mM 
Glutamic 
acid 

1.0  mM 
Aspartic 
acid 

10.0  mM 
Aspartic 
acid 

0 

7.5 

77 

(69/90) 

85  (79/93) 

66 

(117/176) 

75  (145/194) 

1.25 

7.5 

73 

(33/45) 

57  (31/54)* *+ 

64 

(85/132) 

62  (89/144)* 

1.75 

7.5 

42 

(40/96)*+ 

67  (39/58)* 

62 

(53/86) 

67  (53/79) 

0 

5.0 

52 

(72/138)*+ 

60  (59/98)* 

47 

(34/72)*+ 

51  (39/76)*+ 

0 

9.0 

51 

(82/161)*+ 

74  (50/68) 

59 

(123/208) 

73  (179/247) 

0 

11.0 

62 

(55/89)* 

63  (52/83)* 

49 

(131/266)*+ 

58  (120/206)* 

(total  number  inoculated  side/total  number  of  miracidia  used  in  3  trials) 

*  Significantly  different  from  pond  water  control  (P  =  0.05)  (Chi  Square,  2x2) 
+  Not  significantly  different  from  50/50  distribution  (P  =  0.05)  (Chi  Square) 
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ABSTRACT 

Pungent  sebum,  which  accumulates  in  the  perineal  sac  of  the  adult  male  guinea  pig,  was 
thought  to  be  a  product  of  compound  saccular  sebaceous  glands  imbedded  in  flattened, 
oval  structures  called  perineal  glands.  However,  similar  clusters  of  sebaceous  glands  were 
found  in  two  lateral  bands  in  the  walls  of  the  perineal  sac  and  in  a  dorsal  band  located  in 
the  roof  of  the  sac.  Ducts  of  all  these  glands  open  directly  on  the  walls  of  the  perineal 
sac,  or  in  the  case  of  perineal  glands,  into  the  pockets  of  this  sac.  In  the  adult  female 
guinea  pig,  the  perineal  sac  walls  contain  considerable  amounts  of  adipose  tissue  and  the 
perineal  glands  are  smaller  in  size  when  compared  with  the  male.  Sebaceous  glands 
situated  in  other  locations  of  the  perineal  sac  are  reduced  in  size  or  completely  missing. 
Very  little  sebum  was  found  in  the  perineal  sac  of  the  female.  Long-term  castration  of 
adult  male  guinea  pigs  resulted  in  partial  replacement  of  compound  sebaceous  glands  in 
the  perineal  sac  with  adipose  tissue,  while  simple  branched  sebaceous  glands  in  the  dorsal 
band  were  only  reduced  in  size.  In  newborn  guinea  pigs,  all  sebaceous  glands  of  the 
perineal  sacs  were  associated  with  hair  follicles.  Secretions  from  all  these  glands  probably 
contribute  to  chemical  communication  among  guinea  pigs. 

INTRODUCTION 

In  guinea  pigs,  the  perineal  sac  of  the  male  opens  as  a  longitudinal  slit  between  scrotal 
pouches,  while  the  smaller  and  shallower  perineal  sac  of  the  female  opens  transversely 
between  the  vagina  and  anus  (Cooper  and  Schiller,  1975) .  Perineal  glands  of  the  guinea 
pig,  regarded  as  odoriferous  glands  (Beriiter  et  al.,  1974),  are  situated  caudo-laterally  on 
each  side  in  the  walls  of  the  perineal  sac,  close  to  the  anus  (Fig.l).  These  glands  form 
discrete  bodies  and  are  larger  and  more  active  in  males  than  in  females  (Grosz,  1904; 
Martan  and  Shepherd,  1987)  and  their  ducts,  lined  with  stratified  squamous  keratinizing 
epithelium,  lead  into  the  pockets  which  open  by  slits  into  the  perineal  sac  (Schaffer, 
1940;  Martan  and  Shepherd,  1987). 

Perineal  glands  of  the  guinea  pig  were  discovered  by  Grosz  in  1904  and  were  called 
perineal  or  anal  glands  by  a  succession  of  investigators.  The  earlier  literature  was 
reviewed  by  Schaffer  (1940).  In  more  recent  behavioral  studies,  only  Rood  (1972)  called 
them  anal  glands.  We  call  these  glands  perineal  because  they  are  located  between  the 
genital  and  anal  openings  and  they  secrete  into  the  perineal  sac.  In  our  previous  studies 
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(1987),  the  number  of  ducts  belonging  to  perineal  glands  were  probably  overestimated 
because  we  failed  to  observe  that  ducts  of  other  groups  of  compound  sebaceous  glands 
open  in  the  wall  of  the  perineal  sac.  In  the  present  study,  five  to  six  main  ducts  were 
observed  which  lead  to  pockets  in  the  walls  of  the  perineal  sacs. 

Histologically,  perineal  glands  are  aggregates  of  compound  sebaceous  glands  with  a 
holocrine  type  of  secretion.  Their  product  in  male  guinea  pigs  is  strongly  pungent  sebum 
which  accumulates  inside  the  perineal  sac.  In  females,  tiny  amounts  of  secretion  appeal 
in  the  perineal  sac,  and  it  is  odorless  to  humans  (Martan  and  Shepherd,  1987). 

In  an  unpublished  study,  perineal  glands  and  those  parts  of  the  perineal  sac  walls 
containing  pockets  were  removed  from  five  15-day-old  males.  We  hypothesized  that  at 
maturity,  the  lack  of  secretion  and  its  odor  would  render  operated  animals  unrecognizable 
males  by  intact  guinea  pigs.  To  our  surprise,  the  perineal  sacs  of  all  5  males  in  their 
adulthood  contained  pungent  secretion,  and  intact  guinea  pigs  treated  them  as  males. 
Observations  on  the  dissected  perineal  sacs  from  these  5  males  are  included  in  the  present 
report. 


MATERIALS  AND  METHODS 

Guinea  pigs,  strain  SR/Siuz  (McGlinn  et  al.,  1976),  used  in  this  experiment  were  from 
an  inbred  colony  maintained  in  the  Department  of  Zoology  at  Southern  Illinois 
University  at  Carbondale.  Animals  are  fed  laboratory  chow  supplemented  with  cabbage 
and  carrots.  In  addition,  grass  was  provided  during  the  summer  months  and  hay  during  the 
winter.  The  guinea  pigs  were  maintained  on  a  14  hr/ 10  hr,  light/dark  schedule. 

After  killing  the  animals  by  overdose  with  intraperitoneal  injections  of  sodium 
pentobarbital,  perineal  sacs  and  adjacent  perineal  glands  were  dissected  from  5  intact  adult 
males,  5  adult  females,  6  newborn  males,  and  6  newborn  females  for  histological 
examination.  Perineal  sacs  were  also  removed  from  5  adult  males  which  had  been 
castrated  for  periods  ranging  from  2  to  8  months,  and  from  5  males  whose  perineal  glands 
were  removed  at  15  days  of  age. 

Perineal  sacs  were  fixed  in  Baker's  formol  and  cut  in  cross  or  sagittal  sections  15  pm 
thick.  Every  third  section  was  mounted  and  stained  with  Mallory's  aniline  blue-orange  G. 

RESULTS 

In  the  walls  of  the  perineal  sac  in  adult  male  guinea  pigs,  besides  a  pair  of  perineal  glands 
with  ducts  opening  into  the  pockets  of  the  sac,  other  aggregations  of  free  sebaceous 
glands  were  found.  The  latter  formed  two  lateral  bands  which  stretch  anteriorly  to  meet  at 
the  anterior  end  of  the  sac  (Fig.  1).  Histologically,  compound  sebaceous  glands  in  the 
lateral  bands  are  similar  to  those  described  in  perineal  glands  (Martan  and  Shepherd, 
1987),  even  showing  few  hair  follicles  among  the  branching  ducts.  Ducts  of  all  glands 
had  a  stratified  squamous  epithelium  continuous  with  the  epidermis  of  the  perineal  sac  on 
which  surface  they  opened.  Even  the  smallest  branches  of  the  main  ducts  showed  some 
comification.  Sebaceous  secretory  units  of  perineal  glands  may  be  continuous  with  those 
located  caudally  in  the  lateral  bands,  or  may  be  separated  by  narrow  strips  of  connective 
tissue. 
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Another  band  of  smaller  simple  branched  sebaceous  glands  is  located  dorsally  on  the 
anterior  half  of  the  perineal  sac  (Fig.  1).  Ducts  of  these  glands,  lined  with  keratinizing 
stratified  squamous  epithelium  open  into  the  roof  of  the  perineal  sac.  In  these  glands,  hair 
follicles  were  not  observed.  In  addition,  masses  of  well-developed  simple  sebaceous 
glands  associated  with  hair  follicles  were  found  around  the  rim  of  the  perineal  sac. 

Five  males  whose  perineal  glands  were  removed  at  15  days  of  age  showed  no  regeneration 
of  these  glands.  However,  other  sebaceous  glands  of  the  perineal  sac  were  as  well 
developed  as  in  normal  males.  All  5  males  had  an  abundance  of  pungent  secretion  in  their 
perineal  sacs. 

In  guinea  pig  females,  the  discrete  structures  called  perineal  glands  were  mostly  adipose 
tissue  in  which  one  or  two  small  compound  sebaceous  glands  were  embedded  as  reported 
by  Martan  and  Shepherd,  1987.  Ducts  of  these  glands  opened  into  the  pockets  in  the 
walls  of  the  perineal  sac.  Aggregations  of  sebaceous  glands  in  the  lateral  and  dorsal  bands 
as  described  for  males  were  absent. 

Beauchamp  (1974)  has  reported  that  the  perineal  glands  of  males  decrease  in  size 
following  castration.  In  the  present  study,  the  reduction  in  size  of  the  glands  was 
accompanied  by  replacement  of  sebaceous  saccules  with  adipose  tissue  (Fig.  2).  Although 
saccules  were  replaced  by  fat,  some  ducts  remained.  A  similar  replacement  by  adipose 
tissue  appeared  in  the  compound  sebaceous  glands  in  the  lateral  bands.  In  castrated  males, 
glands  located  in  the  dorsal  band  (Fig.  1)  and  those  associated  with  hair  follicles  on  the 
rim  of  the  perineal  sac  were  not  replaced  by  fat  but  were  much  smaller  than  their 
counterparts  in  normal  males.  The  amount  of  fatty  tissue  in  the  walls  of  the  perineal  sacs 
and  the  amount  of  secretion  in  the  perineal  sac  varied  among  castrates.  The  eight-month 
castrate  had  the  largest  amount  of  adipose  tissue,  and  the  perineal  sac  was  completely 
devoid  of  secretion.  In  the  two-month  castrates,  smaller  amounts  of  adipose  tissue  were 
observed  in  the  perineal  sac  glands,  and  a  modest  amount  of  secretion  remained  in  the  sac. 

In  newborn  guinea  pigs  of  both  sexes,  sebaceous  saccules  of  the  perineal  glands  were 
associated  with  hair  follicles.  These  glands,  larger  in  males  (Fig.  3)  than  in  females, 
displayed  branching  ducts  and  well-developed  saccules.  However,  only  the  glands  of  males 
showed  secretory  activity.  In  contrast  to  adult  females,  perineal  glands  of  newborn 
females  were  not  surrounded  by  adipose  tissue.  All  other  glands  of  the  glandular  complex 
in  both  sexes  were  not  developed. 


DISCUSSION 

The  marked  differences  in  size  and  development  found  in  all  glandular  components  of  the 
perineal  sac  between  the  two  sexes  suggest  an  influence  by  testicular  hormones  on  these 
glands.  This  contention  is  supported  by  the  larger  size  and  greater  secretory  activity  of 
glands  in  males  and  their  diminished  size  and  secretory  activity  in  the  castrated  males. 
Our  results  are  in  agreement  with  those  of  Beauchamp  (1974),  who  reported  regression  of 
the  perineal  gland  following  castration  in  males.  Similar  sexual  dimorphism  in  the 
supracaudal  gland  of  the  guinea  pig  was  observed  by  Martan  (1962).  However,  there 
seems  to  be  a  variation  in  hormonal  response  among  different  glandular  components  of 
the  perineal  sac,  best  seen  in  newborn  animals.  Sebaceous  units  forming  young  perineal 
glands  and  located  closest  to  the  pockets  in  the  perineal  sac  walls  were  either  more 
sensitive  to  testicular  hormones  and  had  developed  into  compound  glands  before  the  birth 
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of  the  animal,  or  they  did  not  require  hormones  for  their  development.  In  newborn  males, 
but  not  in  females,  these  glands  already  have  shown  some  secretory  activity.  The  less 
responsive  sebaceous  glands  in  the  remainder  of  the  perineal  sac  may  require  a  higher 
level  of  testicular  hormone  to  be  affected  the  same  way.  In  the  female,  the  perineal  glands 
do  not  grow  much  beyond  the  size  at  birth,  while  other  glandular  components  of  the 
female  perineal  sac  remain  undeveloped.  These  observations  may  be  related  to  androgen 
level. 

The  glandular  components  of  the  perineal  sacs  of  males  varied  in  response  following 
gonadectomy.  While  the  size  and  secretory  activity  of  all  sebaceous  glands  were  affected 
by  castration,  only  aggregations  of  histologically-similar  compound  glands  located  in  the 
perineal  glands  and  caudal  portions  of  the  lateral  bands  showed  replacement  by  adipose 
tissue.  These  glands  are  the  largest  and  the  most  numerous  in  the  perineal  sac  glandular 
complex,  probably  producing  the  great  majority  of  sebum  accumulated  inside  the  sac. 
Variation  in  responsiveness  to  hormonal  withdrawal  of  some  sebaceous  glands  in  the 
guinea  pig  was  previously  reported  by  Martan  and  Price  (1967). 

We  suggest  that  secretions  of  the  whole  glandular  complex  of  the  perineal  sac  in  the 
guinea  pig  function  in  chemical  communication.  Perineal  glands  are  only  a  part,  though 
a  significant  part,  of  that  complex.  Our  proposal  is  supported  by  the  following  facts.  A 
considerable  amount  of  secreted  sebum  was  found  inside  perineal  sacs  of  5  adult  males 
from  which  perineal  glands  were  removed  at  15  days  of  age.  Intact  guinea  pig  males  and 
females  recognized  operated  males  as  if  they  were  intact  males.  Beriiter  et  al.  (1974),  in 
their  chemical  analysis  of  sebum  from  perineal  glands,  were  probably  testing  secretions 
from  all  glandular  components  of  the  perineal  sac.  These  secretions  may  function  in 
territorial  marking  as  adults  draw  their  perineum  across  the  ground.  This  behavior,  called 
perineal  drag,  was  observed  and  described  by  Kunkel  and  Kunkel  (1964);  Beauchamp  et  al. 
(1971);  Rood  (1972);  Beauchamp  (1974);  and  Beriiter  et  al.  (1974),  and  according  to  these 
authors  is  more  common  in  males  than  in  females.  They  also  reported  that  dominant 
males  marked  their  territory  more  frequently  than  submissive  ones. 

We  realize  that  our  proposal  involves  speculation,  and  that  chemical  analyses  of 
secretions  from  sebaceous  glands  discussed  in  this  paper  and  further  behavioral  testing 
may  confirm  or  refute  what  has  been  proposed. 

SUMMARY 

Aggregations  of  sebaceous  glands  in  various  locations  in  the  perineal  sacs  of  the  guinea 
pig  probably  function  as  odoriferous  glands.  Their  development  and  secretory  activity 
differ  according  to  sex  and  age  of  the  animal. 

For  complete  development  of  the  glandular  complex  within  the  perineal  sac  of  the  adult 
male  guinea  pig  testicular  hormones  appear  to  be  necessary.  Size  and  secretory  activity  of 
all  sebaceous  glands  in  the  perineal  sac  are  affected  by  castration,  but  only  the  largest 
sebaceous  units  present  in  perineal  glands  and  lateral  bands  are  replaced  by  adipose  tissue. 

Sebaceous  units  located  closest  to  the  two  pockets  in  the  perineal  sac  walls  do  not  seem 
to  require  testicular  hormones  for  their  maintenance.  These  units  are  well  developed  in 
newborn  guinea  pigs  of  both  sexes  and  are  the  only  compound  sebaceous  units  found  in 
the  adult  female  perineal  glands.  Sebaceous  glands  in  the  lateral  and  dorsal  bands  are 
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missing  in  newborn  males  and  their  development  seems  to  require  testicular  hormone. 
This  variation  in  development  and  secretory  activity  among  the  glandular  components  of 
the  perineal  sac  in  the  guinea  pig  may  be  responsible  for  the  qualitative  differences 
between  the  sexes  in  the  secretory  products. 
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Fig.  1.  Dissected  perineal  sacs  from  adult  guinea  pig  males,  ventral  view  (a)  and  dorsal 
view  (b)  turned  around.  Longitudinal  slit,  Is;  perineal  gland,  pg;  lateral  glands, 
lg;  and  dorsal  glands,  dg. 


Fig.  2.  Replacement  of  sebaceous  saccules  by  adipose  tissue  (at)  in  the  perineal  gland  of 
an  adult  male  guinea  pig,  castrated  for  8  months:  Ducts,  d;  hair  follicle,  hf; 
X51. 
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Fig.  3.  Cross-section  of  the  perineal  gland  in  a  newborn  male  guinea  pig:  Hair  follicle, 
hf;  perineal  sac  pocket,  sp;  and  duct,  d.  X51. 
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ABSTRACT 

This  paper  represents  the  first  comprehensive  review  of  aquatic  Annelida  in  Illinois.  A 
literature  review,  a  current  classification  scheme,  and  a  checklist  of  species  are  provided 
for  15  families,  71  genera,  and  129  species  of  freshwater  Annelida  known  to  occur  in  the 
state.  Eight  species  are  reported  here  as  new  records  for  Dlinois. 

Key  words:  Acanthobdellida,  Aclitellata,  Aeolosomatidae,  Annelida,  Aphanoneura, 
Bdellodrilidae,  Branchiobdellida,  Branchiobdellidae,  Cambarincolidae,  checklist,  Clitellata, 
distribution,  Enchytraeidae,  Erpobdellidae,  freshwater,  Glossiphoniidae,  Haplotaxidae, 
Hirudinea,  Hirudinidae,  Illinois,  leeches,  literature  review,  Lumbricidae,  Lumbriculidae, 
Naididae,  Oligochaeta,  Piscicolidae,  Polychaeta,  Sparganophilidae,  Tubificidae,  worms. 

INTRODUCTION 

The  inland  waters  of  Illinois  offer  aquatic  macroinvertebrates  a  variety  of  habitats, 
including  springs,  seeps,  swamps,  marshes,  ponds,  lakes,  reservoirs,  streams,  and  large 
river  systems.  A  review  of  the  literature  concerning  benthic  biology  in  Illinois  reveals 
discrepancies  in  levels  of  taxonomic  information  for  aquatic  macroinvertebrates. 
Historical  and  modern-day  studies  addressing  the  systematics,  distribution,  and  ecology  of 
mammals,  birds,  fishes,  amphibians,  reptiles,  mollusks,  and  arthropods  of  Illinois  are 
well  established  in  the  scientific  literature.  Few  studies,  however,  have  reported  the 
presence  of  aquatic  Annelida  at  levels  other  than  class  or  family. 

Because  annelids,  particularly  the  oligochaetes,  are  an  important  component  of  the 
benthic  community  in  nearly  every  aquatic  habitat,  the  limited  knowledge  of  this  group 
in  Illinois  is  surprising.  The  purpose  of  this  paper  is  twofold:  to  present  a  preliminary 
checklist  of  species  of  aquatic  annelids  currently  known  to  occur  in  this  state,  and  to 
provide  a  baseline  for  additional  work  on  the  freshwater  annelid  fauna  of  the  Midwest. 

Sources  of  this  information  include  records  documented  in  the  literature,  unpublished 
records  of  over  150,000  specimens  I  have  identified  and  deposited  in  the  Illinois  Natural 
History  Survey  (INHS)  Annelid  Collection,  and  records  resulting  from  specimens 


88 


forwarded  to  the  INHS  for  verification.  I  made  no  decision  concerning  the  validity  of  the 
identifications  noted  in  the  literature.  Unpublished  records  and  specimens  held  in  the 
collections  of  individuals  and  private  companies  have  not  yet  been  verified  and  are  not 
included  in  this  paper.  Methods  used  in  the  collection,  preservation,  and  identification  of 
annelid  specimens,  pertinent  distributional  and  ecological  information,  an  annotated 
bibliography,  and  keys  to  Illinois  species  will  be  presented  in  a  subsequent  paper. 

LITERATURE  REVIEW 

The  systematics  and  consequently  the  distributional  and  ecological  data  on  aquatic 
Annelida  in  North  America  were  disorganized  and  scattered  through  the  literature  prior  to 
the  1960s.  Following  his  early  organizational  research  on  aquatic  oligochaetes  in  Great 
Britain,  Dr.  R.  O.  Brinkhurst  (1964,  1965,  1966a,  1966b;  Brinkhurst  and  Cook,  1966) 
published  several  papers  addressing  the  systematics  and  ecology  of  aquatic  oligochaetes  in 
North  America.  These  works  were  followed  by  the  treatise  Aquatic  Oligochaeta  of  the 
World  (Brinkhurst  and  Jamieson,  1971).  Most  North  American  annelid  research  prior  to 
1980  centered  on  the  Laurentian  Great  Lakes,  which  encompass  over  246,000  square 
kilometers  and  are  some  of  the  largest  and  deepest  freshwater  lakes  in  the  world.  Spencer 
(1980)  thoroughly  reviewed  the  taxonomy,  zoogeography,  distribution,  and  ecology  of 
Great  Lakes  oligochaete  species  and  current  needs  for  research  in  this  region.  Authors 
describing  the  aquatic  annelids  of  North  America  include  Klemm  (1972a,  1982)  for 
Hirudinea;  Brinkhurst  and  Wetzel  (1984)  for  Oligochaeta;  Klemm  (1985)  for  freshwater 
Polychaeta,  Oligochaeta  (Naididae  and  Tubificidae),  and  Hirudinea;  Brinkhurst  (1986)  for 
freshwater  microdriles;  Brinkhurst  and  Gelder  (1991)  for  Oligochaeta  and  Branchiobdellida; 
and  Davies  (1991)  for  Hirudinea,  Polychaeta,  and  Acanthobdellida.  Although  information 
on  the  Great  Lakes  fauna  is  plentiful,  there  is  a  paucity  of  information,  particularly  on  a 
state -by-state  basis,  concerning  the  aquatic  annelids  of  inland  waters.  Midwestern  states 
for  which  recent  annelid  checklists  have  been  published  include  Kansas  (Klemm  et  al., 
1979;  Wetzel,  1982a,  1982b),  Michigan  (Klemm,  1972b),  and  Wisconsin  (Howmiller  and 
Loden,  1976). 

Early  research  on  aquatic  Annelida  in  Illinois  includes  work  by  Forbes  (1890),  Garman 
(1890),  Smith  (1895a,  1895b,  1896,  1900a,  1900b,  1918),  Kelly  (1899),  Brace  (1901), 
Moore  (1901),  Galloway  (1911),  Forbes  and  Richardson  (1913),  Smith  and  Welch  (1913), 
Welch  (1914),  Kindred  (1918),  Ellis  (1919),  Richardson  (1921a,  1921b,  1925a,  1925b, 
1928),  Alexander  (1925),  Thompson  (1927),  Gersbacher  (1937),  Evans  (1939),  and 
Goodnight  (1940).  More  recent  studies  presenting  limited  distributional,  ecological,  or 
systematic  information  on  aquatic  annelids  in  Illinois  include  those  by  Paloumpis  and 
Starred  (1960),  Mathis  and  Cummings  (1971),  Nilsen  and  Larimore  (1973),  Stimpson  et 
al.  (1975),  Singer  (1977,  1978),  Wetzel  (1981,  1982c,  1987),  Seagle  and  Wetzel  (1982), 
and  Brinkhurst  and  Wetzel  (1984). 

CLASSIFICATION  OF  AQUATIC  ANNELIDA 

Several  classifications  for  the  phylum  Annelida  recently  have  been  proposed,  including 
those  of  Jamieson  (1978,  1980),  Timm  (1981),  Brinkhurst  (1982,  1986,  1988,  1989), 
Kasprzak  (1982,  1984),  Parker  (1982),  Holt  (1986,  1989),  Erseus  (1987),  Sawyer  (1986a, 
1986b,  1986c),  Brinkhurst  and  Nemec  (1987),  Coates  (1987),  Brinkhurst  and  Gelder 
(1989),  and  Gelder  and  Brinkhurst  (1990);  the  reader  is  directed  to  these  publications  for 
further  discussion  on  the  phylogenetic  relationships  of  the  annelid  groups.  This  paper 
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follows  the  division  of  the  phylum  Annelida  into  two  subphyla:  the  Aclitellata 
(including  the  classes  Aphanoneura  and  Polychaeta),  and  the  Clitellata  (including  the 
classes  Acanthobdellida,  Branchiobdellida,  Oligochaeta,  and  Hirudinea).  The  relationship 
of  the  Aphanoneura  to  the  Polychaeta,  however,  remains  unresolved.  Nomenclature 
follows  Reynolds  and  Cook  (1976,  1981,  1989)  for  Aeolosomatidae  and  Oligochaeta; 
Klemm  (1985)  for  Acanthobdellida  and  Polychaeta;  Klemm  (1985),  Barta  and  Sawyer 
(1990),  and  Jones  and  Woo  (1990)  for  Hirudinea;  and  Holt  (1986)  and  Gelder  (Univ. 
Maine  at  Presque  Isle,  pers.  comm.)  for  Branchiobdellida. 

Aphanoneura.  The  families  Aeolosomatidae  and  Potamodrilidae  were  placed  in  the 
subclass  Aphanoneura  by  Timm  (1981).  Brinkhurst  (1982)  then  elevated  this  subclass  to 
a  class,  maintaining  parity  with  the  class  Oligochaeta  while  noting  that  the  Oligochaeta 
and  Hirudinea  both  are  often  considered  to  be  subclasses  of  the  Clitellata  (Brinkhurst  and 
Wetzel,  1984).  Singer  (1977,  1978)  addressed  the  biology,  ecology,  physiology,  and 
systematics  of  the  aeolosomatids  and  discussed  their  phylogenetic  affinities  with  other 
annelids.  It  will  suffice  to  say  that  the  taxonomy  of  the  species  of  Aeolosoma  currently 
needs  attention.  Members  of  the  family  Aeolosomatidae  are  widely  distributed  in  the 
Midwest,  although  the  difficulties  encountered  in  the  study  of  this  family  have  restricted 
the  documentation  of  species.  In  light  of  the  existing  taxonomic  and  systematic 
difficulties  encountered  by  Singer  (1977)  and  others,  11  nominal  species  of  Aeolosoma 
are  recognized  as  occurring  in  North  America;  at  least  three  of  these  have  been  collected 
in  Illinois. 

Polychaeta.  Of  the  85  families  of  polychaetes  known  to  occur  worldwide,  only  10 
contain  freshwater  species.  Four  families,  including  eight  genera  and  ten  species,  are 
reported  from  North  America.  Of  these,  only  one  species,  Manayunkia  speciosa ,  has 
been  reported  from  the  Great  Lakes  system  (upper  St.  Lawrence  River,  Lake  Ontario, 
Lake  St.  Clair,  and  Lake  Superior);  it  has  not  yet  been  reported  from  Lake  Michigan  or 
from  inland  waters  of  Illinois  (Klemm,  1985). 

Acanthobdellida.  The  class  Acanthobdellida  consists  of  at  least  one  species  of 
primitive  leeches  that  also  possess  some  oligochaetelike  affinities.  Acanthobdellidans  are 
permanent  parasites  of  cold-water  fishes,  especially  salmonids  and  thymallids.  The  only 
species  occurring  in  North  America,  Acanthobdella  peledina,  is  limited  in  its  distribution 
to  the  boreal  regions  of  Alaska,  Scandinavia,  and  the  C.I.S.  (formerly  the  U.S.S.R.);  it 
does  not  occur  in  Illinois. 

Branchiobdellida.  Branchiobdellidans  are  obligate  symbionts  of  primarily  Holarctic 
freshwater  crustaceans.  In  1965,  the  family  Branchiobdellidae  was  elevated  to  ordinal 
rank  (Holt,  1965).  The  subsequent  description  of  numerous  genera  and  species  and 
recognition  of  the  structural  diversity  expressed  by  those  descriptions  prompted  Holt  to 
segregate  the  genera  into  five  families  in  the  order  Branchiobdellida  (Holt,  1986),  three  of 
which  occur  in  North  America.  The  greatest  diversity  of  branchiobdellidans  occurs  in  the 
upland  regions  of  the  southern  Appalachians,  the  Ozarks,  and  the  Atlantic  drainage. 
Some  of  these  species  are  endemic  to  very  small  areas,  often  a  single  watershed.  Of  the 
15  genera  and  101  species  of  branchiobdellidans  known  to  occur  in  North  America,  three 
families,  six  genera,  and  nine  species  occur  in  Illinois. 

Oligochaeta.  The  class  Oligochaeta  represents  the  most  diverse  and  widely  distributed 
group  of  annelids  in  terrestrial  and  freshwater  habitats  in  North  America.  To  date,  175 
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species  of  freshwater  oligochaetes  representing  six  families  and  64  genera  are  known  to 
occur  in  North  America  (Coates  and  Wetzel,  unpublished);  of  these,  five  families,  42 
genera,  and  82  species  occur  in  Illinois.  In  addition,  three  primarily  terrestrial  species 
(families  Lumbricidae  and  Sparganophilidae)  frequently  collected  from  freshwater  habitats 
in  Illinois  have  been  included  in  this  checklist. 

Hirudinea.  The  Hirudinea,  or  leeches,  are  highly  specialized  annelids,  separated  from 
other  annelid  groups  by  the  presence  of  a  circum-oral  sucker,  a  posterior  ventral  sucker, 
and  34  segments.  Although  leeches  primarily  are  restricted  to  fresh  water,  several  species 
occur  in  estuarine  and  marine  environments.  Of  the  5  families,  25  genera,  and  64 
freshwater  species  known  to  occur  in  North  America,  4  families,  19  genera  and  32  species 
occur  in  Illinois. 

CHECKLIST  OF  FRESHWATER  ANNELIDA  IN  ILLINOIS 

Species  reported  here  as  new  records  for  the  state  of  Illinois  are  preceded  by  an  asterisk  (*). 
Illinois  species  collected  only  from  inshore  Lake  Michigan  habitats  are  preceded  by  a 
dagger  (+). 

PHYLUM  ANNELIDA 

SUBPHYLUM  ACLITELLATA 
CLASS  APHANONEURA 
Order  Aeolosomatida 

FAMILY  AEOLOSOMATIDAE 
Genus  Aeolosoma  Ehrenberg,  1828 
Aeolosoma  hemprichi  Ehrenberg,  1828 
Aeolosoma  tetiebr arum  Vejdovsky,  1880 
Aeolosoma  variegatum  Vejdovsky,  1884 

SUBPHYLUM  CLITELLATA 
CLASS  BRANCHIOBDELLIDA 
Order  Branchiobdellida 

FAMILY  BRANCHIOBDELLIDAE 
Genus  Xironodrilus  Ellis,  1918 
Xironodrilus  formosus  Ellis,  1919 
FAMILY  BDELLODRLLIDAE 
Genus  Bdellodrilus  Moore,  1895 

Bdellodrilus  illuminatus  (Moore,  1893) 

FAMILY  CAMBARINCOLIDAE 
Genus  Cambarincola  Ellis,  1912 

Cambarincola  chirocephalus  Ellis,  1919 
Cambarincola  macrodontus  Ellis,  1912 
Cambarincola  philadelphicus  (Leidy,  1851) 

Cambarincola  vitreus  Ellis,  1919 
Genus  Oedipodrilus  Holt,  1967 

Oedipodrilus  macbaini  (Holt,  1955) 

Genus  Pterodrilus  Moore,  1895 
Pterodrilus  distichus  Moore,  1894 
Genus  Sathodrilus  Holt,  1968 

Sathodrilus  elevatus  (Goodnight,  1940) 
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CLASS  OLIGOCHAETA 
Order  Lumbriculida 

FAMILY  LUMBRICULIDAE 
Genus  Eclipidrilus  Eisen,  1881 

Eclipidrilus  asymmetricus  (Smith,  1896) 
Genus  Lumbriculus  Grube,  1844 

Lumbriculus  variegatus  (Muller,  1774) 

Genus  Stylodrilus  ClaparMe,  1862 

t Stylodrilus  heringianus  Clapar&de  1862 
Genus  Trichodrilus  ClaparMe,  1862 

Trichodrilus  allobrogum  ClaparMe,  1862 
Order  Haplotaxida 
Suborder  Haplotaxina 
FAMILY  HAPLOTAXIDAE 

Genus  Haplotaxis  Hoffmeister,  1843 

Haplotaxis  ?  gordioides  (Hartmann,  1821) 

(?=  Haplotaxis  emissarius  [Forbes,  1890]; 
?=  Haplotaxis  forbe si  Smith,  1918) 
Suborder  Tubificina 
Superfamily  Tubificoidea 
FAMILY  NAIDIDAE 

Genus  Allonais  Sperber,  1948 

Allonais  pectinata  (Stephenson,  1910) 

Genus  Amphichaeta  Tauber,  1879 
*Amphichaeta  leydigi  Tauber,  1879 
Genus  Bratislavia  Kosel,  1976 

Bratislavia  unidentata  (Harman,  1973) 

Genus  Chaetogaster  von  Baer,  1827 

Chaetogaster  diaphanus  (Gruithuisen,  1828) 
Chaetogaster  diastrophus  (Gruithuisen,  1828) 
Chaetogaster  limnaei  von  Baer,  1827 
Genus  Dero  Oken,  1915 

Dero  (Aulophorus)  furcata  (Muller,  1773) 
Dero  ( Aulophorus )  vaga  (Leidy,  1880) 

Dero  (Dero)  digitata  (Muller,  1773) 

Dero  (Dero)  nivea  Aiyer,  1930 
Dero  (Dero)  obtusa  d'Udekem,  1835 
*Dero  (Dero)  pectinata  Aiyer,  1930 
*Dero  (Dero)  trifida  Loden,  1979 
Genus  Haemonais  Bretscher,  1900 

*Haemonais  waldvogeli  Bretscher,  1896 
Genus  Nais  Muller,  1773 
Nais  barbata  Muller,  1773 
Nais  behningi  Michaelsen,  1923 
Nais  communis  Piguet,  1906 
Nais  elinguis  Muller,  1773 
Naispardalis  Piguet,  1906 
Nais  pseudobtusa  Piguet,  1906 
Nais  simplex  Piguet,  1906 
Nais  variabilis  Piguet,  1906 


Genus  Ophidomis  Gervais,  1838 

Ophidonais  serpentina  (Muller,  1773) 

Genus  Paranais  Czemiavsky,  1880 
Paranaisfrici  Hrabe,  1941 
Genus  Piguetiella  Sperber,  1939 

^  Piguetiella  michiganensis  Hiltunen,  1967 
Genus  Pristina  Ehrenberg,  1828 

*  Pristina  aequiseta  Bourne,  1891 

(=  Pristina  evelinae  Marcus,  1943; 

=  Pristina  for eli  Piguet,  1906) 

Pristina  breviseta  Bourne,  1891 
Pristina  leidyi  Smith,  1896 
Pristina  plumaseta  Turner,  1935 
Pristina  synclites  Stephenson,  1925 
Genus  Pristinella  Brinkhurst,  1985 
Pristinella  acuminata  (Liang,  1958) 

*  Pristinella  jenkinae  (Stephenson,  1931) 

(=  Pristina  idrensis  Sperber,  1948) 

Pristinella  osbomi  (Walton,  1906) 

*  Pristinella  sima  (Marcus,  1944) 

Genus  Slavina  Vejdovsky,  1883 

Slavina  appendiculata  (d'Udekem,  1855) 

Genus  Specaria  Sperber,  1939 

Spec  aria  josinae  (Vejdovsky,  1883) 

Genus  Stephensoniana  Cemosvitov,  1938 
Stephensoniana  trivandrana  (Aiyer,  1926) 

Genus  Stylaria  Lamarck,  1816 

Stylaria  lacustris  (Linnaeus,  1767) 

(=  Stylaria  fossularis  Leidy,1852) 

Genus  Uncinais  Levinson,  1884 
^  Uncinais  uncinata  (0rsted,  1842) 

Genus  Vejdovsky ella  Michaelsen,  1903 
Vejdovskyella  intermedia  (Bretscher,  1896) 

FAMILY  TUBEFICIDAE 

Genus  Aulodrilus  Bretscher,  1899 

Aulodrilus  americanus  Brinkhurst  &  Cook,  1966 
Aulodrilus  limnobius  Bretscher,  1899 
Aulodrilus  pigueti  Kowalewski,  1914 
Aulodrilus  pluriseta  (Piguet,  1906) 

Genus  Bothrioneurum  Stoic,  1888 

Bothrioneurum  vejdovskyanum  Stoic,  1888 
Genus  Branchiura  Beddard,  1892 
Branchiura  sow erbyi  Beddard,  1892 
Genus  Ilyodrilus  Eisen,  1879 

llyodrilus  templetoni  (Southern,  1909) 

Genus  Isochaetides  Hrabe,  1966;  emmend.  Brinkhurst,  1981 
^Isochaetides  curvisetosus  (Brinkhurst  &  Cook,  1966) 

(?=  Isochaetides  hamatus  [Moore,  1905]) 

^  Isochaetides  freyi  (Brinkhurst,  1965) 
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Genus  Limnodrilus  Clapaitde,  1862 
Limnodrilus  cervix  Brinkhurst,  1963 
Limnodrilus  claparedianus  Ratzel,  1868 
Limnodrilus  hoffmeisteri  Clapaitde,  1862 
Limnodrilus  maumeensis  Brinkhurst  &  Cook,  1966 
Limnodrilus  profundicola  (Verrill,  1871) 

Limnodrilus  rubripenis  Loden,  1977 
Limnodrilus  tortilipenis  Wetzel,  1987 
Limnodrilus  udekemianus  Clapar^de,  1862 
Genus  Potamothrix  Vejdovsky  &  Mr&zek,  1902 
Potamothrix  bavaric  us  (Oschmann,  1913) 

^  Potamothrix  bedoti  (Piguet,  1913) 

Potamothrix  moldaviensis  Vejdovsky  &  Mr3zek,  1902 
Potamothrix  vejdovsky i  (Hrabe,  1941) 

Genus  Psammoryctides  Hrabe,  1964 

Psammoryctides  californianus  Brinkhurst,  1965 
Genus  Quistadrilus  Brinkhurst,  1981 

Quistadrilus  multisetosus  (Smith,  1900) 

Genus  Rhizodrilus  Smith,  1900 
Rhizodrilus  lacteus  Smith,  1900 
Genus  Rhyacodrilus  Bretscher,  1901 

Rhyacodrilus  coccineus  (Vejdovsky,  1875) 

^Rhyacodrilus  f ale  if ormis  Bretscher,  1901 
Rhyacodrilus  montanus  (Brinkhurst,  1965) 

Genus  Spiro sperma  Eisen,  1879 
Spiro sperma ferox  Eisen,  1879 

^ Spirosperma  nikolskyi  (Lastockin  &  Sokolskaya,  1935) 

(=  Spirosperma  variegatus  Leidy,  1851  sensu  Brinkhurst,  1962) 
Genus  Tasserkidrilus  Holmquist,  1985 
Tasserkidrilus  kessleri  (Hrabe,  1962) 

^  Tasserkidrilus  superiorensis  (Brinkhurst  &  Cook,  1966) 

Genus  Tub  if  ex  Lamarck,  1816 
^ Tubifex  ignotus  (Stoic,  1886) 

Tubifex  tubifex  (Muller,  1774) 

Genus  Varichaetadrilus  Brinkhurst  &  Kathman,  1983 

Varichaetadrilus  angustipenis  (Brinkhurst  &  Cook,  1966) 
Superfamily  Enchytraeoidea 
FAMILY  ENCHYTRAEIDAE 

Genus  Barbidrilus  Loden  &  Locy,  1980 

Barbidrilus  paucisetus  Loden  &  Locy,  1980 
Genus  Lumbricillus  0rsted,  1844 

Lumbricillus  rivalis  (Levinsen,  1883) 
augmented  Ditlevsen,  1904 
Genus  Marionina  Pfeffer,  1890 

Marionina  forbesae  Smith  &  Welch,  1913  ?incertae  sedis 
Genus  Henlea  Michaelsen,  1899 
Henlea  urbanensis  Welch,  1914 
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Suborder  Lumbricina 
Superfamily  Lumbricoidea 

FAMILY  LUMBRICIDAE 
Genus  Eisenia  Malm,  1877 
Eisenia  foetida  Savigny,  1826 
Genus  Eiseniella  Michaelsen,  1900 
Eiseniella  tetraedra  (Savigny,  1826) 

FAMILY  SPARGANOPHILEDAE 

Genus  Sparganophilus  Benham,  1892 
Sparganophilus  eiseni  Smith,  1895 

CLASS  HIRUDINEA 
Order  Rhynchobdellida 

FAMILY  GLOS  S IPHONIID  AE 
Genus  Actinobdella  Moore,  1901 

Actinobdella  inequiannulata  Moore,  1901 
Genus  Alboglossiphonia  Luken,  1976 

Alb  o  glossiphonia  heteroclita  (Linnaeus,  1761) 
Genus  Desserobdella  Barta  &  Sawyer,  1990 
Desserobdella  phalera  (Graf,  1899) 
Desserobdella  picta  (Verrill,  1872) 

Genus  Gloiobdella  Ringuelet,  1978 
Gloiobdella  elongata  (Castle,  1900) 

Genus  Glossiphonia  Johnson,  1816 

Glossiphonia  complanata  (Linnaeus,  1758) 
Genus  Helobdella  R.  Blanchard,  1896 
Helobdella  fusca  (Castle,  1900) 

Helobdella  papillata  (Moore,  1906) 

Helobdella  stagnalis  (Linnaeus,  1758) 
Helobdella  triserialis  (E.  Blanchard,  1849) 
Genus  Placobdella  R.  Blanchard,  1893 
Placobdella  montifera  Moore,  1906 
Placobdella  multilineata  Moore,  1953 
Placobdella  omata  (Verrill,  1872) 

Placobdella  papillifera  (Verrill,  1872) 
Placobdella  parasitica  (Say,  1824) 

Placobdella  pediculata  Hemingway,  1908 
Genus  Theromyzon  Phillippi,  1867 

Theromyzon  biannulatum  Klemm,  1977 
FAMILY  PISCICOLIDAE 

Genus  Cystobranchus  Diesing,  1859 
Cystobranchus  verrilli  Meyer,  1940 
Genus  Myzobdella  Leidy,  1851 
Myzob della  lugubris  Leidy,  1851 
Genus  Piscicola  de  Blainville,  1818 
Piscicola  milneri  (Verrill,  1874) 

Piscicola  punctata  (Verrill,  1871) 

Genus  Piscicolaria  Whitman,  1889 
Piscicolaria  reducta  Meyer,  1940 
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Order  Gnathobdellida 

FAMILY  HIRUDINIDAE 

Genus  Haemopis  Savigny,  1822 
Haemopis  marmorata  (Say,  1824) 
Haemopis  terrestris  (Forbes,  1890) 

Genus  Macrobdella  Verrill,  1872 
Macrobdelia  decora  (Say,  1824) 

Genus  Philob della  Verrill,  1874 
Philobdella  gracilis  Moore,  1901 
Order  Pharyngobdellida 
FAMILY  ERPOBDELLIDAE 
Genus  Dim  R.  Blanchard,  1892 
Dim  dabia  Moore  &  Meyer,  1951 
Dim  parva  Moore,  1912 
Genus  Erpobdella  de  Blainville,  1818 

Erpobdella  punctata  punctata  (Leidy,  1870) 
Genus  Mooreobdella  Pawlowski,  1955 
Mooreobdella  fervida  Verrill,  1871 
Mooreobdella  microstoma  (Moore,  1901) 
Genus  Nephelopsis  Verrill,  1872 
Nephelopsis  obscura  Verrill,  1872 


DISCUSSION 

This  paper  presents  the  first  published  documentation  of  eight  species  of  aquatic 
oligochaetes  occurring  in  Illinois;  seven  of  these  are  considered  widespread  and  have  been 
collected  from  aquatic  habitats  in  several  other  states.  Because  prior  distributional  and 
ecological  information  for  one  species,  Rhyacodrilus  falciformis,  is  extremely  limited,  an 
account  for  this  tubificid  is  provided  here. 

During  a  survey  for  fishes,  unionid  mussels,  and  other  aquatic  macroinvertebrates  from 
several  streams  within  a  proposed  Illinois  Department  of  Transportation  FAP  431  /  340 
highway  corridor,  three  mature  specimens  of  Rhyacodrilus  falciformis  were  collected  from 
Fraction  Run  by  M.  J.  Wetzel  and  B.  J.  Kasprowicz  on  6  June  1988.  Previous 
collections  of  annelids  from  this  site,  conducted  on  14  May  and  17  September  1987, 
yielded  no  R.  falciformis. 

Location.  The  Fraction  Run  sampling  site  is  2.8  mi  (4.5  km)  SE  Lockport,  in  Will 
County,  Illinois  [3rd  Principal  Meridian:  Township  36  North,  Range  1 1  East,  SE/4, 
NE/4,  SE/4,  Section  30;  Universal  Transverse  Mercator  System:  Zone  16,  4l6080m 
East,  46Q2710m  North;  elevation:  700'  MSL;  all  information  taken  from  the  Joliet, 
Illinois  (7.5'  series,  1962  edition,  photorevised  in  1973)  USGS  topographic  quadrangle 
map]. 

Habitat  characterization .  The  Fraction  Run  site  is  at  the  front  of  the  West  Chicago 
Moraine  of  the  Valparaiso  Morainic  System,  which  consists  of  a  series  of  superposed 
ridgelike  features  that  mark  former  ice-margin  positions.  Gray  silty  clay  till  of  the 
Wadsworth  Till  Member  is  mapped  as  the  surficial  unit  in  these  moraines;  lenses  and 
beds  of  stratified  sediment  (silt,  sand,  and  fine  gravel)  are  common  within  the  Wadsworth 
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and  are  sometimes  encountered  along  the  moraine  fronts,  which  likely  represent  slight 
readvances  of  the  glacier.  Small  springs  and  seeps  commonly  issue  from  such  zones  of 
stratified  sediment,  especially  along  colluviated  slopes  where  valleyside  wetlands  have 
been  described  (Hansel  and  Johnson,  1991). 

The  area  surveyed  for  aquatic  biota  at  this  Fraction  Run  locality  extended  from 
approximately  30  meters  downstream  to  approximately  45  meters  upstream  of  a  county 
road  bridge.  A  small  tributary,  North  Fraction  Run,  joins  Fraction  Run  approximately  30 
meters  upstream  of  the  bridge;  a  stretch  of  this  tributary  extending  approximately  15 
meters  above  its  confluence  with  Fraction  Run  also  was  surveyed.  According  to  the 
Horton-Strahler  classification  (Horton,  1945;  Strahler,  1954,  1957),  Fraction  Run  at  this 
locality  is  designated  as  an  order  2  stream.  From  this  site,  Fraction  Run  flows  in  a 
westerly  direction  for  approximately  6  kilometers  to  its  confluence  with  the  Illinois  and 
Michigan  Canal  (Des  Plaines  River  drainage)  just  south  of  Lockport. 

Downstream  from  the  bridge,  Fraction  Run  has  been  channelized,  and  its  width  ranges 
from  2  to  3  meters  with  an  average  depth  of  20  centimeters.  During  our  recent  survey,  a 
pool  4  to  8  meters  wide  and  1  meter  deep  occurred  immediately  upstream  of  the  bridge; 
upstream  of  this  pool,  Fraction  Run  and  North  Fraction  Run  consisted  of  a  series  of 
small  pools  (0.3  to  1.6  meters  wide  and  4  to  45  centimeters  deep)  alternating  with  small 
riffle  and  run  areas  (30  to  60  centimeters  wide  and  2  to  7  centimeters  deep). 

Substrate  downstream  of  the  bridge  was  characterized  as  40%  clay,  30%  sand,  and  30% 
gravel;  upstream  of  the  bridge,  the  substrate  of  the  pool  consisted  of  a  50%  silt/detritus 
mixture  and  50%  sand.  The  substrate  of  North  Fraction  Run  and  Fraction  Run  above 
their  confluence  consisted  of  clay  and  gravel.  The  turbidity  of  the  water  throughout  the 
sampling  area  was  low. 

Field  water  quality  parameters  measured  during  this  collection  included  ambient 
temperature  (32.5°C),  water  temperature  (23.5°C),  dissolved  oxygen  (11.0  mg/1), 
hydrogen  ion  concentration  (as  pH)  (8.2),  specific  conductivity  (795  jamhos),  and 
alkalinity  (218  mg/1  as  CaC03). 

Species  Account  -  Rhyacodrilus  falciformis  Bretscher,  1901 

Rhyacodrilus  falciformis,  the  type  species  in  this  genus,  was  first  described  from  material 
collected  in  1900  from  the  Swiss  Alps  (Bretscher,  1901).  This  species  subsequently  was 
redescribed  by  Juget  (1967)  (from  specimens  collected  from  the  profundal  area  of  Lac 
Leman,  France)  and  Kasprzak  (1979)  (from  specimens  collected  from  four  sites  in  the 
Pieniny  Mountains  of  southern  Poland).  Its  length  is  8  to  10  mm,  with  an  average  of  48 
segments  per  specimen.  The  anterior  dorsal  chaetal  bundles  contain  three  to  four  bifid 
chaetae.  The  anterior  ventral  chaetal  bundles  contain  three  to  five  bifid  chaetae,  with  the 
upper  tooth  being  thinner  and  longer  than  the  lower;  the  lower  tooth  sometimes  is 
divided.  The  penial  chaetae  in  segment  XI  are  twice  as  long  and  up  to  six  times  as  thick 
as  the  other  chaetae,  are  sickle-shaped,  and  number  one  to  two  per  bundle.  The  atria  are 
elongate  and  pear-shaped  with  diffuse  prostate  glands.  The  vasa  deferentia  enter  the  atria 
subapically,  an  unusual  characteristic  in  the  Tubificidae.  The  spermathecae  may  or  may 
not  have  diverticulae  connecting  the  spermathecal  ampullae  to  the  intestine. 
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The  first  North  American  record  of  Rhyacodrilus  falciformis  was  reported  by  Brinkhurst 
(1978),  who  recorded  four  specimens  from  Airport  Creek,  a  small  tributary  of  the  Saanich 
Inlet  in  the  northern  end  of  the  Saanich  Peninsula  on  Vancouver  Island,  British 
Columbia.  It  subsequently  was  reported  from  the  Hudson  River  in  New  York  (Stimpson 
et  al.,  1982)  and  from  Cascade  Cave  on  Vancouver  Island  (21  specimens,  July  1984)  (R. 
O.  Brinkhurst,  pers.  comm.).  The  collection  of  Rhyacodrilus  falciformis  from  Fraction 
Run  in  Will  County,  Illinois,  represents  only  the  fourth  known  North  American  locality 
for  this  species.  Specimens  of  Rhyacodrilus  falciformis  collected  during  the  survey  of 
Fraction  Run  are  deposited  in  the  permanent  INHS  Annelid  Collection  in  Champaign, 
Illinois. 
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Preserve,  Iroquois  County,  Illinois 
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ABSTRACT 

Two  areas  of  a  dry  sand  savanna  remnant  at  the  Hooper  Branch  Nature  Preserve  have  been 
subjected  to  different  fire  regimes  with  one  site  burned  every  spring  from  1987  through 
1989,  while  the  other  site  was  burned  only  in  the  spring  of  1987.  The  overstory  at  both 
sites  was  similar,  varying  from  129  to  142  stems/ha  and  a  basal  area  of  8.82  to  8.99 
m2/ha  with  Quercus  velutina  Lam.  (black  oak)  accounting  for  99%  of  the  individuals.  In 
the  seedling  and  small  shrub  layer,  annual  burning  enhanced  the  growth  of  some  shrub 
species  ( Rosa  Carolina  L.),  while  less  frequent  burns  enabled  the  establishment  and 
continued  success  of  others,  particular  seedlings  of  black  oak.  Overall,  annual  burns 
appear  to  decrease  tree  seedling  and  shrub  densities.  Sapling  densities  are  similar  at  both 
bum  sites,  but  more  damaged  and  top-killed  individuals  were  present  at  the  site  which 
was  burned  annually. 


INTRODUCTION 

Oak  savannas  occurred  across  much  of  North  America  at  the  time  of  European  settlement 
in  the  early  1800's.  According  to  Nuzzo  (1986)  these  were  communities  of  open-grown 
trees  occurring  in  small  groves  or  as  scattered  individuals,  having  a  herbaceous  (primarily 
grass)  understory.  Savannas  occurred  throughout  much  of  Illinois  at  this  time,  forming 
either  broad  ecotones  separating  forest  from  prairie,  or  as  isolated  communities 
surrounded  by  prairie.  Illinois  oak  savannas  are  separated  into  three  subclasses:  black 
soil  savannas  which  occur  on  fine-textured  soils  of  glacial  till  plains;  sand  savanna  which 
occur  on  sandy,  acidic  soils;  and  barrens  which  are  present  on  excessively  drained,  acidic 
soils  (Madany  1981,  Packard  1991). 

The  present  study  was  undertaken  at  the  Hooper  Branch  Nature  Preserve,  Iroquois 
County,  Illinois,  located  in  the  Kankakee  Sand  Area  Section  of  the  Grand  Prairie 
Division  (Schwegman  1973).  This  230  ha  tract  of  forest,  savanna,  prairie,  and 
successional  field  communities,  is  located  north  and  adjacent  to  the  Iroquois  County 
Conservation  Area.  The  land  was  acquired  by  the  Illinois  Department  of  Conservation  in 
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1984,  and  195  ha  were  dedicated  as  an  Illinois  Nature  Preserve  in  1985.  This  area  is 
situated  at  the  edge  of  former  Glacial  Lake  Watseka  which  was  formed  approximately 
14,000  years  ago  during  the  Kankakee  Flood  (Willman  and  Frye  1970).  Due  to  the 
incising  of  the  Illinois  River  Valley,  this  glacial  lake  was  eventually  drained,  leaving 
sandy  beach  and  near  shore  deposits.  Wind  action  created  the  sand  dunes  and  swales  which 
was  followed  by  establishment  of  characteristic  sand  savanna  and  sand  prairie  vegetation 
during  the  Hypsithermal  period  (King  1981).  According  to  Hedborn  (1984)  prairie 
vegetation  covered  92%  of  Iroquois  County  at  the  time  of  European  settlement.  The 
regular  fires  that  swept  across  the  open  prairies  restricted  the  encroachment  of  woodlands 
onto  the  open  prairie,  and  was  a  major  factor  in  the  development  and  maintenance  of 
savanna  communities.  Fire  exclusion  has  allowed  many  oak  savanna  communities  to 
become  closed  forests  with  dense  understories  (Gleason  1912,  1913,  Transeau  1935, 
Curtis  1959,  Vogl  1974,  Ebinger  and  McClain  1991).  The  present  study  was  undertaken 
to  determine  the  structure  and  composition  of  the  dry  sand  savanna  community  at  Hooper 
Branch  Nature  Preserve,  and  to  examine  the  effects  of  fire  on  this  community. 

STUDY  AREA 

The  study  area,  located  about  6  miles  NE  of  Beaverville,  Iroquois  County,  Illinois,  was 
recognized  as  good  quality  dry  sand  savanna  by  the  Illinois  Natural  Areas  Inventory 
(White  and  Madany  1978).  This  dry  sand  savanna  remnant  is  about  30  ha  in  size,  and 
occurs  on  elevated  dunes  in  the  Hooper  Branch  Nature  Preserve  (NW1/4,  Sec  13  T29N 
R11W)  at  an  elevation  of  about  206  m  above  sea  level.  The  savanna  is  located  on 
Plainfield  fine  sand,  a  light-colored,  acidic,  sandy  soil  derived  from  wind-blown  deposits 
(Wascher  et  al.  1951).  Dry-mesic  sand  savanna  and  scrub  prairie/mesic  sand  prairie 
communities  border  and  intergrade  into  this  dry  sand  savanna.  An  east-west  access  road 
transverses  the  study  area  dividing  it  into  two  nearly  equal  parts.  Land  management 
practices  south  of  the  access  road  included  prescribed  burns  in  the  spring  of  1987,  1988 
and  1989  (Site  A),  while  the  savanna  north  of  the  access  road  had  been  burned  only  during 
the  spring  of  1987  (Site  B)  (Glass,  personal  communication). 

MATERIALS  AND  METHODS 

In  late  October  of  1989,  a  woody  vegetation  survey  was  undertaken  on  two  sections  (each 
3  ha  in  size)  of  the  dry  sand  savanna  at  the  Hooper  Branch  Nature  Preserve.  A  total  of  96 
quadrats,  25  m  on  a  side,  were  established  within  the  savanna,  48  in  the  section  that  had 
been  burned  for  three  consecutive  years  from  1987-89  (Site  A),  and  48  in  the  section  that 
had  been  burned  only  in  1987  (Site  B).  In  each  quadrat  the  number,  size,  and  species  of 
all  trees  above  10  cm  dbh  were  recorded.  Relative  density,  relative  dominance,  and 
importance  value  (IV)  of  each  species  encountered  were  then  calculated  for  the  two  sites. 
The  determination  of  the  importance  values  follows  McIntosh  (1957)  and  Boggess  (1964) 
and  is  the  sum  of  the  relative  density  and  the  relative  dominance.  The  average  diameter, 
density  (stems/ha)  in  broad  diameter  classes,  and  basal  area  (m2/ha)  were  also  calculated 
for  each  species. 

Woody  seedlings  and  small  shrubs  (less  than  40  cm  tall)  were  surveyed  using  1/4  m2 
quadrats.  Five  north/south  transects  20  m  long  were  located  randomly  in  both  sites  A  and 
B.  Along  each  transect  the  quadrats  were  placed  at  1  m  intervals  along  lines  perpendicular 
to  the  transect  lines.  A  random  numbers  table  was  used  to  determine  the  number  of 
meters  the  quadrats  were  placed  to  the  east  (odd  numbered  quadrats)  or  to  the  west  (even 
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numbered  quadrats)  of  the  transect.  All  individuals  were  identified,  counted,  and  their 
densities  (stems/m2)  relative  values,  and  importance  values  determined. 

Larger  seedlings,  saplings  and  shrubs  were  surveyed  using  nested  circular  plots  0.001  and 
0.01  ha  in  size  located  randomly  in  each  of  the  96  quadrats.  In  the  0.001  hectare  plot 
seedlings  and  shrubs  (more  than  40  cm  in  height  and  less  than  2.5  cm  dbh)  were 
tabulated,  and  in  the  0.01  hectare  plot  saplings  (2.5  -  10.0  cm  dbh)  were  tabulated  and 
their  frequencies  and  densities  (stems/ha)  determined.  Nomenclature  follows  Swink  and 
Wilhelm  (1979). 


RESULTS  AND  DISCUSSION 


Woody  Overstory 

The  canopy  layer  densities  were  similar  at  both  sites,  with  an  average  of  142.3  stems/ha 
at  Site  A,  and  129.6  stems/ha  at  Site  B  (Table  1).  The  dominant  species  was  Quercus 
velutina  Lam.  (black  oak)  with  an  IV  of  199.5  at  Site  A,  and  198.4  at  Site  B.  White 
oak  (Quercus  alba  L.)  and  black  cherry  ( Primus  serotina  Ehrh.)  were  the  only  other  tree 
species  encountered,  both  represented  by  a  few,  scattered  individuals.  Size  class 
distribution  (Table  1)  of  black  oak  varied  somewhat  between  the  two  sites,  but  at  both 
sites  the  majority  of  the  trees  were  less  than  40  cm  dbh  (87%  at  Site  A;  80%  at  Site  B) 
indicating  that  both  sites  have  a  similar  developmental  history.  Before  dedication  as  a 
nature  preserve,  both  areas,  which  are  within  200  m  of  each  other,  had  been  grazed, 
lightly  logged,  and  occasionally  burned  (Glass  1985).  After  dedication,  the  different 
burning  regimes  were  implemented. 

Dead-standing  individuals  are  not  a  common  feature  of  these  savannas,  with  only  8.7 
stems/ha  and  an  average  diameter  of  24.2  cm  dbh  at  Site  A,  and  9.3  stems/ha  with  an 
average  diameter  of  31.3  cm  dbh  at  Site  B.  With  continued  burning,  tree  mortality  will 
probably  increase  since  numerous  fire-scars  were  observed,  particularly  in  Site  A  where 
management  burns  have  occurred  for  the  past  three  years. 

Not  enough  time  has  elapsed  since  these  two  areas  were  placed  under  different  prescribed 
burning  programs  for  any  significant  changes  in  the  canopy  layer  to  have  occurred. 
White  (1983)  in  a  study  of  an  oak  savanna  in  Minnesota,  found  that  annual  burning  has 
had  only  a  minimal  effect  on  the  canopy  layer.  The  large  canopy  trees  were  stressed  but 
not  killed  by  fires,  and  canopy  density  showed  little  change  over  a  13  year  period. 
Annual  burning  at  the  Hooper  Branch  Nature  Preserve  will  probably,  over  time,  result  in 
a  gradual  decrease  in  the  density  of  canopy  individuals.  Less  frequent  burns,  however, 
may  result  in  greater  destruction,  since  increased  fuel  loads  will  result  in  hotter  fires. 

Woody  Understory 

Small  shrub  and  seedling  (less  than  40  cm  tall)  densities  varied  from  3.58  stems/m2  on 
site  A  to  2.64  stems/m2  on  site  B  (Table  2).  Four  species  were  identified  on  site  A  with 
Rosa  Carolina  L.  (multiflora  rose)  accounting  for  the  majority  of  the  individuals  present 
(IV  of  117.4  out  of  200),  followed  by  Rhus  copallina  L.  (dwarf  sumac)  and  black  oak 
seedlings.  Site  B  had  greater  diversity  with  9  species  encountered.  Again  Rosa  Carolina 
was  the  most  important  shrub  (IV  of  99.7),  followed  by  black  oak,  Rhus  glabra  L. 
(smooth  sumac),  Corylus  americana  Walt,  (hazelnut)  and  black  cherry  (Table  2).  Regular 
burns  probably  enhance  the  growth  of  some  shrub  species  (Rosa  Carolina),  while  less 
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frequent  burning  may  be  important  for  establishment  and  continued  success  of  others, 
particular  seedlings  of  black  oak  and  some  of  the  shrubby  species  encountered  only  at  site 
B. 

Large  shrub  and  seedling  (greater  than  40  cm  tall)  densities  varied  from  2250  stems/ha  at 
Site  A  to  5230  stems/ha  at  Site  B  (Table  1).  Only  black  cherry  showed  a  higher  seedling 
density  at  Site  A,  with  the  remaining  species  showing  a  dramatic  increase  in  density  at 
Site  B,  particularly  Rhus  copallina  and  Rubus  allegheniensis .  The  regular  burns  at  Site 
A  over  the  past  three  years  are  probably  responsible  for  this  dramatic  decrease  in  seedling 
densities.  Seedling  densities  will  probably  continue  to  decrease  at  Site  A  if  burning  is 
continued  on  an  annual  basis.  Similar  results  were  obtained  by  Henderson  and  Long 
(1984)  for  seedling  densities  in  the  black  oak  woodlands  in  northwestern  Indiana. 

Sapling  densities  are  similar  at  both  sites,  varying  from  329  stems/ha  to  394  stems/ha 
from  Sites  A  and  B,  respectively  (Table  1).  Black  oak  saplings  dominated,  accounting  for 
nearly  all  of  the  individuals  encountered.  At  Site  A,  24%  of  the  saplings  were  sprouting 
from  damaged  or  top-killed  individuals,  while  13%  of  those  at  Site  B  were  sprouts  from 
top-  killed  individuals.  In  oak  woodlands  of  northwestern  Indiana,  Henderson  and  Long 
(1984)  found  basal  sprouting  to  be  more  vigorous  in  areas  where  fires  were  less  frequent 
than  in  areas  where  fire  disturbance  had  been  more  regular.  Less  frequent  fires  were  more 
intense  and  therefore  more  destructive,  which  resulted  in  a  greater  amount  of  basal 
sprouting.  At  Hooper  Branch,  however,  fewer  black  oak  saplings  were  present,  and  more 
of  them  had  been  damaged  or  top-killed  at  the  site  which  had  been  burned  for  the  past 
three  years  (site  A).  Not  enough  time  has  elapsed  for  any  definite  conclusions  to  be 
drawn  concerning  this  phenomenon,  but  increased  fuel  loading  should  be  a  major  factor 
considered  in  determining  the  frequency  of  future  management  oriented  prescribed  bums. 
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Table  2.  Densities  (stems/ha),  relative  values,  and 

importance  values  of  the  seedlings  (less  than 
40  cm  tall)  and  small  shrubs  encountered  at  two 
sites  in  the  Hooper  Branch  Nature  Preserve. 


Species 

Density 

(m2/ha) 

Rel . 
Freq. 

Rel . 
Den. 

I.V. 

Site  A:  Dry  sand  savanna 

burned  for 

three  consecutive 

years 

from  1987-89. 

Rosa  Carolina  L. 

2.52 

47.4 

70.0 

117.4 

Rhus  copal lina  L. 

0.92 

42.1 

25.6 

67.7 

Quercus  velutina  Lam. 

0.12 

7.9 

3.3 

11.2 

Rhus  glabra  L. 

0.02 

2.6 

1.1 

3.7 

Totals 

3.58 

100.0 

100.0 

200.0 

Site  B:  Dry  sand  savanna 
Rosa  Carolina  L. 

burned  only 
1.44 

in  1987. 
46.0 

53.7 

99.7 

Quercus  velutina  Lam. 

0.52 

24.0 

19.4 

43.4 

Rhus  glabra  L. 

0.20 

8.0 

7.5 

15.5 

Corylus  americana  Walt. 

0.12 

4.0 

4.5 

8.5 

Prunus  serotina  Ehrh. 

0.12 

4.0 

4.5 

8.5 

Rhus  copal lina  L. 

0.08 

4.0 

3.0 

7.0 

Rubus  allegheniensis  Porter.  0.08 

4.0 

3.0 

7.0 

Rubus  flagellaris  Willd. 

0.04 

4.0 

2.9 

6.9 

Amorpha  canescens  Pursh. 

0.04 

2.0 

1.5 

3.5 

Totals 

2.64 

100.0 

100.0 

200.0 
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ABSTRACT 

Reservoirs  supply  water  for  domestic  and  industrial  use  as  well  as  for  recreational 
facilities.  A  majority  of  these  reservoirs  gradually  lose  their  useful  storage  and  utility 
due  to  sedimentation.  The  adverse  effects  of  reservoir  sedimentation  can  be  mitigated  by 
proper  reservoir  design  and  operation.  Some  of  these  mitigative  measures  are  watershed 
management  and  soil  conservation,  retention  of  coarse  sediments  in  upstream  debris  dams 
or  sediment  basins,  reservoir  drawdown  and  flushing,  density-current  flushing,  venting  of 
sediments  through  undersluices,  and  siphoning.  Used  with  great  success  in  other  parts  of 
the  world,  these  measures  make  it  possible  to  design  considerably  smaller  reservoirs, 
because  the  need  for  sediment  storage  capacity  is  greately  reduced.  The  savings  in  the 
inital  cost  of  a  smaller  reservoir  may  be  more  than  sufficient  to  offset  the  extra  cost  of 
measures  required.  A  desirable,  conservation-oriented  reservoir  design  and  operation 
would  also  ensure  a  legacy  of  healthy  water  resources  for  future  generations. 

INTRODUCTION 

Natural  and  man-made  lakes  and  reservoirs  in  Illinois  serve  a  multitude  of  purposes: 
municipal  and  industrial  water  supplies  (especially  in  areas  with  poor  ground-water 
resources  such  as  the  southern  half  of  the  state),  water-based  recreation,  flood  control,  and 
low-flow  augmentation  through  mandatory  low-flow  releases  such  as  from  Shelbyville, 
Carlyle,  and  Rend  Lake.  In  recent  decades,  reservoir  construction  has  been  viewed  as 
having  serious  adverse  impacts  on  riverine  ecology  and  environment  for  some  distance 
upstream  and  downstream  of  the  impounding  structure.  These  concerns  have  mostly 
been  engendered  because  of  1)  continuing  reservoir  sedimentation,  2)  seasonal 
stratification,  3)  nutrient  recycling  from  bed  deposits  affecting  water  quality,  4)  lack  of 
mandatory  low-flow  releases  from  most  of  the  state  reservoirs,  and  5)  downstream  bed 
degradation  and  caving-in  of  banks.  However,  these  are  largely  manifestations  of 
conventional  reservoir  design  and  operation  policies  that  do  not  address  the  environmental 
and  conservation  concerns.  They  also  do  not  address  the  intergenerational  equity 
considerations  (treating  both  present  and  future  generations  fairly)  that  ordain  that  the 
design  and  operation  avoid  burdening  future  generations  with  a  considerably  degraded 
resource. 
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A  good  reservoir  site  should  entail  minimal  adverse  impact  to  existing  wetlands  and 
wildlife  habitats.  If  some  of  them  cannot  be  saved,  mitigation  measures  such  as  creating 
compensatory  wetlands  and  habitats  can  become  an  integral  part  of  reservoir  planning  and 
design.  Creation  of  a  reservoir  and  minimization  of  level  fluctuation  through  suitable 
operation  provide  opportunities  for  wetlands  and  habitat  formation  if  the  lands  adjoining 
the  lake  waters  are  zoned  for  these  and  other  purposes.  The  integrity  of  shoreline  needs 
to  be  preserved  by  provision  of  erosion  retarding  brushes  and  grasses  and  restricting  speed 
and  proximity  of  motor  boats. 

The  streams  carry  sediment  and  deposit  most  of  it  in  the  reservoir.  Reduction  in  reservoir 
sedimentation  or  conservation  of  reservoir  storage  can  be  achieved  either  by  lowering  the 
stream  sediment  load  or  by  reducing  its  deposition  in  the  reservoir.  Reduction  in  stream 
sediment  load  can  be  achieved  by  a  sound  watershed  protection  program  which  can  be 
made  an  essential  part  of  the  planning,  design,  and  operation.  The  economics  may 
determine  the  acceptance  and  successful  completion  of  such  a  program  which  may  extend 
over  a  number  of  years  and  thus  gradually  decrease  the  stream  sediment  load.  The 
effectiveness  of  soil  conservation  for  large  watersheds  cannot  be  estimated  with  accuracy. 
Significant  reduction  in  stream  sediment  load  can  initiate  a  new  cycle  of  stream  geometry 
adjustments  in  keeping  with  the  new  sediment  regime. 

The  reduction  in  sediment  deposition  in  the  reservoir  can  be  effectively  and  expeditiously 
pursued  by  controls  and  measures  limited  mostly  to  the  dam  and  reservoir.  A  brief 
review  of  reservoir  sedimentation  in  Illinois  is  followed  by  various  storage  conservation 
measures,  and  desirable  reservoir  design  and  operation. 

RESERVOIR  SEDIMENTATION 

Reservoir  sedimentation  rates  are  usually  based  primarily  on  empirical  relations  which 
are  calibrated  using  field  measurements.  Using  the  Upper  Mississippi  River  Basin 
Commission  (UMRBC,  1970)  approach,  the  sediment  yield  of  a  stream  is  given  by 

Y  =  K*A"012  (1) 

where  Y  is  average  sediment  yield  in  tons/year/square  mile  of  watershed  area,  K  is  a 
regional  constant  for  sediment  potential,  and  A  is  watershed  area  in  square  miles. 
Reservoir  capacity  loss  rate,  S,  in  acre-feet  (ac-ft)  per  year  is 
Y*A*TE  K*A°-88TE 

S  = - =  -  (2) 

2178*8  2178*5 

where  TE  is  reservoir  trap  efficiency  in  percent,  2178  is  a  conversion  constant,  and  5  is 
density  of  sediment  in  pounds  per  cubic  feet  or  lb/ft3 . 

Trap  Efficiency,  TE 

Trap  efficiency  can  be  estimated  from  Brune's  curve  (Brune,  1953),  which  correlates 
sediment  trap  efficiency  of  a  reservoir  to  its  capacity-inflow  or  C/I  ratio.  The  curve  is 
commonly  used  for  reservoirs  operated  with  overflow  spillways.  The  trap  efficiency 
equals  the  percent  of  incoming  sediment  retained  in  the  reservoir.  It  decreases  with  years 
as  C  diminishes  because  of  continuing  sedimentation.  For  reservoirs  with  capacity  equal 
to  1,  10,  and  100%  of  average  flow,  the  trap  efficiency  from  the  normal  curve  equals  46, 
86,  and  98%,  respectively.  Thus  a  small  reservoir,  storing  only  1%  of  annual  water 
inflow,  stores  46%  of  incoming  sediment  load. 
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Density  of  Sediment,  5 

The  density  of  sediment  increases  with  time  due  to  compaction  under  pressure  of 
overlying  sediments.  Lane  and  Koelzer  (1943)  developed  the  following  equation  for 
estimating  sediment  density  on  the  basis  of  age  and  grain-size  distribution  of  the 
sediment: 

5T  =  81+M*logT  (3) 

where  is  density  of  sediment  after  T  years  of  compaction,  is  density  at  the  end  of 
the  first  year,  and  M  is  an  adjustment  constant  for  compaction.  Values  of  and  M  for 
different  sediment  types  and  reservoir  operating  conditions  are  given  in  Table  1. 

The  average  density  of  the  sediments  at  time  T  or  8^,  deposited  during  a  period  of  AT  = 
T  -  T0  years  is  given  by  (Singh  and  Durgunoglu,  1990a): 

1  1  AT  1  3  Pi 

—  =~  Z  —  I  -  (4) 

8T  AT  t=l  100  i=l  8ifl  +  Mj*log  t 

where  P  is  percent  weight  distribution  of  the  sediment  constituents,  T0  is  time  for  t  =  0, 
t  is  time  in  years,  and  i  is  subscript  1,  2,  or  3  for  sand,  silt,  and  clay,  respectively. 

The  storage  continuity  equation  for  a  reservoir  with  sediment  deposition  can  be  written  as 
C0=Ct+S*AT  (5) 

where  CQ  is  initial  or  design  storage  at  time  T0,  S  is  average  annual  reservoir  capacity 
loss  over  AT  time,  and  AT  is  time  elapsed  in  years  (T  -  T0),  and  CT  is  available 
reservoir  capacity  at  time  t  =  T.  Finally,  combining  equations  2,  4,  and  5,  and  dividing 
by  the  average  annual  inflow  I,  the  storage  continuity  equation  can  be  rewritten  as 

c0  cT  k*a°-88*te 

—  =  —  +  - - —  AT  (6) 

I  I  2178*I*8t 

Statewide  Distribution  of  K  Values 

Sediment  survey  data  for  118  reservoirs  conducted  by  the  State  Water  Survey  personnel 
over  the  last  60  years  were  used  in  a  computer  algorithm  to  determine  best-fit  values  of 
K,  using  one-year  time  steps.  Particle-size  distribution  information  available  for  24 
reservoirs  was  used  in  drawing  percent  contours  to  estimate  sediment  constituent 
percentages  for  other  reservoirs.  Calculated  K  values  for  the  surveyed  reservoirs  are 
shown  in  Figure  1.  K  values  are  relatively  high  in  western  and  southern  Illinois.  Most 
of  the  variation  in  K  within  a  county  or  small  region  can  be  explained  by  variations  in 
land  slope,  land  use,  and  watershed  size. 

Future  Reservoir  Capacities  and  Yields 

As-constructed,  last  survey,  and  future  capacities  for  four  reservoirs  (Singh  and 
Durgunoglu,  1990a)  are  given  in  Table  2.  Capacities  of  Lake  Decatur  and  Lake 
Vermilion  were  increased  by  8,123  and  4,200  ac-ft,  respectively,  in  1956  and  1988  by 
raising  normal  pool  levels  by  3  and  5  feet,  about  the  maximum  levels  consistent  with 
structural  safety  and  other  impacts. 

The  reduction  in  capacities  leads  to  yield  reductions  for  supply  systems  using  these 
reservoirs.  The  present  and  future  yields  for  the  reservoirs  in  Table  2  are  given  in  Table  3 
for  drought  recurrence  intervals  of  20  and  50  years,  together  with  the  water  supply 
system  demands  (Broeren  and  Singh,  1989).  Many  municipalities  use  a  50-year  drought 
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yield  for  assessing  the  adequacy  of  their  reservoir  for  water  supply  needs.  If  the  lake 
drawdown  duration  exceeds  6  to  12  months,  the  average  annual  demand  during  the 
drought  may  be  1.2  to  1.3  times  the  average  year  demand.  In  Table  3,  M  is  the  demand 
multiplier  and  RI  is  the  recurrence  interval  in  years,  taken  as  20  or  50  years. 

Decatur's  water  supply  system  is  inadequate  to  meet  increased  drought-induced  demands 
even  during  a  20-year  drought.  Inter-State  Water  Company  serving  Danville  and 
neighboring  communities  has  adequate  capacity  to  meet  future  demands  because  its 
capacity  was  more  than  doubled  in  1988  by  raising  the  pool  level  by  5  feet.  Continuing 
sedimentation  lowers  reservoir  yield  year  by  year.  The  recycling  by  industries  and  sewer 
charges  based  on  water  use  have  helped  greatly  to  slow  down  any  increase  in  water 
demand.  Adequacy  of  many  supply  systems  can  be  insured  if  lake  sedimentation  can  be 
drastically  reduced. 


STORAGE  CONSERVATION 

Dams  are  built  to  create  reservoirs  for  storage  of  water  and  not  for  storage  of  sediment  per 
se.  Reservoir  sedimentation  reduces  reservoir  storage  and  its  yield.  It  also  causes  bed 
degradation  and  caving-in  of  banks  downstream  of  the  dam,  because  water  overflowing 
the  spillway  contains  considerably  less  sediment.  The  sediments  deposited  in  a  reservoir 
carry  pollutants  and  nutrients  that  are  recycled  into  overlying  waters,  greatly  reducing 
dissolved  oxygen  levels  and  causing  algal  blooms.  The  overflow  spillway  maintains  and 
promotes  stratification  during  summer  and  winter,  greatly  reducing  the  usable  space  for 
fish  and  recreation.  From  intergenerational  equity  considerations,  the  design  and 
operation  of  a  reservoir  should  keep  it  robust  and  healthy  not  only  for  the  present 
generation  but  also  for  future  ones,  without  unduly  impacting  the  quantity  and  quality  of 
the  resource. 

Mitigation  Methods  for  Storage  Preservation 

Methods  for  controlling  or  reducing  reservoir  sedimentation  can  be  considered  under  two 
broad  categories: 

1 .  Reducing  sediment  inflow  to  the  reservoir.  This  can  be  achieved  by: 

a.  watershed  management  and  soil  conservation, 

b.  retention  of  coarse  sediments  in  upstream  debris  dams  or  sediment  basins, 

c.  bypassing  of  heavily  sediment-laden  flows,  and 

d.  trapping  and  retention  of  sediments  by  a  vegetative  screen. 

2.  Reducing  sediment  entrapment  in  the  reservoir.  Some  methods  are: 

a.  reservoir  drawdown  and  flushing, 

b.  density  current  flushing, 

c.  venting  of  sediments  through  undersluices, 

d.  reservoir  operation  policy  and  design  for  sediment  control, 

e.  siphoning,  and 

f.  dredging  of  sediments. 

Reducing  Sediment  Inflow  to  the  Reservoir 

The  intent  of  watershed  management  and  soil  conservation  measures  is  to  substantially 
reduce  erosion  and  thereby  decrease  the  sediment  input  to  the  streams.  Conservation 
measures  applied  to  areas  contributing  excessive  sediment  result  in  a  significant  reduction 
in  sediment  input  to  the  lake.  These  measures  include  contour  fanning  and  terracing, 
stripcropping,  crop  rotation,  no-till  farming,  grassed  drainage  ways,  gully  erosion 
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control,  and  stabilization  of  banks  and  of  critical  areas  by  their  return  to  grasslands  or 
forests.  Conservation  measures  take  years  to  implement  and  require  an  efficient  planning 
agency,  as  well  as  farmers  and  other  landowners  willing  to  pay  for  them.  The  efficiency 
of  watershed  management  in  reducing  sediment  inflow  to  a  reservoir  varies  from  a  low  of 
5%  to  a  high  of  40%  (Bruk,  1985;  Mahmood,  1987). 

Debris  dams,  low  dams  built  across  the  main  sediment-contributing  tributaries,  can 
control  the  sediment  inflow  into  the  downstream  reservoir.  These  dams  retain  the  coarse 
fraction  of  the  sediment  and  help  in  reducing  backwater  deposits  in  the  main  reservoir. 
The  sediments  can  be  removed  every  two  to  three  years  during  low-flow  periods  and  used 
to  raise  nearby  lands. 

A  sediment  basin  constructed  at  the  entrance  of  a  stream  into  a  reservoir  can  be  considered 
for  reducing  sediment  input  into  the  reservoir.  The  sediment  basin  is  created  by 
constructing  a  low  dam  in  the  upper  part  of  the  reservoir.  However,  unless  the  dam  is 
designed  for  extreme  floods,  it  can  be  washed  into  the  reservoir  together  with  the  contents 
of  the  basin.  Limited  storage  of  the  basin  may  be  filled  with  sediments  in  10  to  30 
years.  A  sediment  basin  at  the  head  of  a  reservoir  may  appear  as  landfill  after  some  years 
and  detract  from  the  esthetics  of  the  reservoir. 

A  large  part  of  flood  flows  carrying  abundant  sediment  can  be  bypassed  through  a 
channel,  tunnel,  or  pipes,  significantly  reducing  silting  in  the  reservoir.  Pipelines  can  be 
anchored  in  a  low  submerged  weir  near  the  stream/lake  interface,  can  be  placed  along  or 
partially  embedded  in  the  lakebed,  and  can  discharge  downstream  of  the  dam  under  a  full 
head  of  water.  This  technique  has  been  successfully  applied  in  Italy  (Roveri,  1981). 

A  vegetative  screen  at  the  head  of  the  reservoir,  whether  artificial  or  natural,  serves  to 
reduce  the  velocity  of  incoming  flow  and  to  cause  sediment  deposition.  As  an  example, 
the  growth  of  tamarisk  (salt  cedar)  along  the  Pecos  River  above  Lake  McMillan,  New 
Mexico,  resulted  in  a  reduction  of  sediment  deposition  in  the  lake  (Stevens,  1936). 
Capacity  loss  during  20  years  with  tamarisk  was  only  14%  of  that  in  the  previous  20 
years.  The  vegetation  lowers  the  water  supply  to  the  lake  by  as  much  as  10%.  A 
suitable  vegetative  screen  should  be  chosen  for  a  particular  area  on  the  basis  of  climate, 
soil,  and  flow  conditions.  It  can,  however,  increase  water  elevations  upstream  of  the 
vegetation  and  thus  increase  the  potential  flood  damages. 

Reducing  Sediment  Entrapment  in  the  Reservoir 

The  efficiency  of  drawdown  of  reservoir  water  level  for  flushing  some  sediments  and/or 
inducing  erosion  of  deposited  sediments  depends  on  reservoir  bed  topography,  locations 
and  capacities  of  bottom  outlets,  sediment  characteristics,  reservoir  operation,  duration  of 
flushing,  and  flushing  discharge.  Flushing  flows  carve  out  a  deep  channel  in  the 
reservoir,  which  approaches  the  pre-dam  width  of  the  stream  or  river  with  periodic 
flushing.  The  sediment  flushing  may  be  resorted  to  before  formation  of  considerable 
valley  deposits.  The  outlet  gates  will  require  protection  against  abrasion  by  high 
sediment  concentrations  and  blockage  by  sediment  deposits. 

According  to  Wunderlich  and  Elder  (1973),  "...any  flow  seeks  its  density  level  and  moves 
along  this  level  into  storage  position.  If  this  level  happens  to  be  the  withdrawal  zone, 
the  inflows  will  move  directly  through  the  reservoir.  In  other  cases,  water  may  be  stored 
for  considerable  periods  of  time."  According  to  Bell  (1942),  "...lives  of  many  of  them 
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(reservoirs)  may  be  substantially  increased  by  making  use  of  the  transporting  power  of 
density  currents.  If  the  maximum  benefit  is  to  be  obtained  from  the  use  of  stratified 
flows  as  transporting  agents,  they  should  be  put  to  work  as  soon  as  possible  after  storage 
has  begun  in  a  new  reservoir."  Venting  sediments  from  the  very  beginning  does  not 
allow  them  to  stabilize,  and  it  maintains  the  bottom  slope  of  the  reservoir  for  efficient 
use  of  density  currents  (Singh,  1987).  In  the  Iril  Emda  Reservoir  in  Algeria,  between  45 
and  60%  of  the  annual  incoming  sediment  was  vented  during  the  period  1953  to  1958 
(Duquennois,  1959).  For  the  Fengjiashan  Reservoir  in  northwest  China,  because  of 
density  current  flushing,  the  ratio  of  sediment  outflow  to  sediment  inflow  for  14  flood 
events  ranged  from  23  to  65%  according  to  the  nature  of  flood  and  sediment 
characteristics  of  the  inflow  (Bruk,  1985).  Provision  of  multi-level,  multiple  outlets 
improves  the  venting  efficiency  of  the  density  currents. 

Sediment  sluicing  is  distinct  from  sediment  flushing  because  most  of  the  sediment  load 
entering  a  reservoir  is  released  downstream  before  it  has  time  to  settle.  The  sluices  can 
be  incorporated  in  the  design  of  the  impounding  structure  or  dam.  The  total  capacity  of 
these  sluices  should  be  in  the  range  of  0.3  to  1.0  times  the  maximum  daily  flood  inflow. 
Models  can  be  used  to  identify  the  most  suitable  size  and  locations  for  the  sluices. 
Frequent  venting  of  sediments  may  be  resorted  to  during  the  high-inflow  season  when  the 
excess  flows  may  all  be  routed  through  the  sluices.  The  operation  greatly  reduces 
sediment  entrapment  and  reservoir  surcharge  (which  causes  flooding  of  low  lands  around 
and  upstream  of  the  reservoir).  It  reduces  downstream  bed  degradation  and  caving-in  of 
banks,  and  practically  eliminates  the  hypolimnetic  zone.  The  technique  of  venting 
sediments  through  undersluices  has  been  used  in  Spain  since  the  sixteenth  century  to 
keep  the  reservoirs  relatively  free  of  sediment  deposits  (Wegmann,  1927).  The  Zuni 
Reservoir  near  Black  Rock,  New  Mexico,  was  80%  filled  with  sediment  by  July  1931 
when  a  4-foot  by  6-foot  sluice  was  installed  (Brown,  1943).  In  about  three  months, 
800,000  cubic  yards  of  sediment  were  sluiced  out  of  the  reservoir.  The  Sanmen  Gorge 
Dam,  the  most  downstream  dam  on  the  Yellow  River  in  China,  and  the  power  plant  were 
completed  in  1960.  In  the  first  1.5  years  of  operation,  90%  of  the  actual  sediment  load 
of  2.1  billion  tons  per  year  was  trapped  in  the  reservoir.  The  Chinese  began  sluicing 
through  the  dam  in  1962  (Robinson,  1981).  A  diversion  tunnel  and  some  penstocks 
were  converted  to  sluiceways  in  1965.  Additional  diversion  outlets,  plugged  after 
construction,  were  reopened  in  1970,  and  power  generation  was  reduced  to  one  third  of 
what  had  been  planned.  The  trap  efficiency  with  these  measures  has  been  reduced  from 
90%  to  less  than  20%. 

The  goal  of  reservoir  operation  and  management  should  be  not  only  to  meet  the  design 
purposes,  but  also  to  entrap  the  least  incoming  sediment  that  is  economically  and 
practically  feasible.  About  80  to  90%  of  annual  sediment  load  enters  the  reservoir  during 
flood  season,  and  lowering  pool  levels  in  this  season  increases  the  efficiency  of  sediment 
venting  operation.  Use  of  such  an  operation  on  the  Heisonglin  Reservoir,  located  on  a 
tributary  to  the  Yellow  River  in  China,  reduced  the  annual  sediment  load  trapped  from 
706,000  to  122,000  cubic  yards  (Zhang  et  ah,  1976)  and  reduced  the  trap  efficiency  to 
17%.  The  maximum  through-flow  of  the  sediment  was  attained. 

According  to  Bruk  (1985),  "Siphon  dredging  for  desilting  reservoirs  differs  from  ordinary 
dredging  in  exploiting  the  hydraulic  head  difference  between  the  upstream  and  downstream 
water  levels  at  a  dam  as  the  source  of  motive  power  for  suction  dredging."  The  simplest 
successful  type  of  device  is  the  hydraulic  siphon  installed  at  the  Rioumajou  Dam  in 
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France  (Evrard,  1980).  The  siphon  pipe  varies  from  16  to  18  inches  in  diameter  and  can 
discharge  35  cubic  feet  per  second  (cfs)  with  33  pounds  of  sediment.  A  siphon  dredger 
was  installed  at  the  Tianjiawan  Reservoir  in  China  (Bruk,  1985)  in  1975.  During  June 
1977  to  June  1978,  it  removed  0.42  million  cubic  yards  when  the  inflow  was  only  0.39 
million  cubic  yards.  The  suction  pipe  is  about  22  inches  in  diameter;  the  suction  head 
has  scrapers,  nozzles,  and  a  rotating  cutter.  The  outflow  slurry  had  a  sediment 
concentration  of  15.6%  by  volume. 

Sediment  flushing,  sluicing  or  siphoning  in  the  case  of  new  reservoirs  allows  venting  up 
to  80%  of  incoming  sediment,  slightly  lowers  the  sediment  concentration  in  the  outflow 
water  (as  compared  with  the  inflowing  water  to  the  reservoir)  thus  greatly  minimizing 
bed  degradation  and  inhibiting  initiation  of  a  new  erosion  cycle  in  the  tributaries 
downstream  to  meet  the  lowered  bed  levels  in  the  main  stream.  The  stream  sediment 
load  in  the  downstream  reach  is  still  less  than  that  without  the  dam.  In  the  case  of 
existing  reservoirs  with  considerable  storage  lost  to  sedimentation,  flushing  of  the  old 
sediments  may  be  based  on  the  quantity  of  sediments,  acceptable  sediment  concentrations 
with  flushing  or  sluicing  discharges,  and  nearness  to  a  major  stream  or  river. 

Dredging  is  an  expensive  means  of  restoring  the  storage  capacity  of  a  reservoir.  Various 
designs  of  dredgers  are  available.  The  usual  ratio  of  water  to  sediment  by  volume  is  8:1 
to  10:1.  In  the  case  of  wide  reservoirs,  hydraulic  dredging  can  more  efficiently  recover 
overbank  deposits  than  flushing.  Dredging  may  be  done  at  fixed  intervals  for  small-  or 
medium-sized  reservoirs.  It  can  also  be  an  ongoing  operation  for  some  large  reservoirs. 

DESIRABLE  RESERVOIR  DESIGN  AND  OPERATION 

By  combining  the  parameters  in  front  of  AT  into  a  single  variable  (3,  Eq.  6  can  be 
rewritten  as 

C  C  "T 

—  =  —  +  (3*AT  (7) 

I  I 

where  (3  denotes  an  average  annual  capacity  loss  over  a  period  of  AT  years  as  a  fraction  of 
average  annual  inflow  I,  and  is  a  function  of  trap  efficiency  TE,  C/I,  watershed  area,  K, 
sediment  density  5T,  and  I.  (3*AT  =  0  indicates  no  storage  loss  and  useful  storage  CT 
after  AT  years  equals  the  initial  design  storage  C0.  A  progressive  increase  in  (3*AT 
makes  C0  progressively  higher  than  C  T.  The  reservoirs  are  designed  with  a  useful  life 
of,  say,  AT  years  such  that  C  j  will  be  able  to  meet  the  water  demands  fully  in  the  last 
year  of  this  period.  Reduction  in  storage  loss  can  be  achieved  by  reducing  p,  leading  to 
initial  smaller  design  storage.  This  can  be  achieved  by  improved  watershed  management 
(resulting  in  reduction  in  K)  and  by  reducing  trap  efficiency  through  sediment  venting 
measures. 

Economic  analyses  were  performed  (Singh  and  Durgunoglu,  1990b)  for  a  reservoir  with 
conventional  overflow  spillway  as  well  as  one  with  sediment  entrapment  reduction 
measures  that  reduce  trap  efficiency  to  25  and  10%,  respectively.  Design  periods  of  10, 
25,  and  50  years  were  considered.  The  results  are  shown  in  Figure  2  for  a  reservoir 
designed  to  supply  water  at  a  rate  of  5%  of  average  annual  inflow  and  two  K  values  of 
1,200  and  3,500.  The  initial  design  storage  C0  and  cost  decrease  with  decreased  trap 
efficiency,  and  the  decrease  gets  more  pronounced  with  increased  erodibility  factor  K  and 
increased  T.  The  cost  savings  resulting  from  incorporation  of  trap-efficiency  reduction 
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measures  will  usually  be  ample  to  cover  the  costs  of  integrating  such  measures  in  design 
and  construction.  After  T  years,  the  reservoir  with  reduced  trap  efficiency  will  continue 
to  provide  more  water  supply,  recreation,  and  aquatic  habitat  than  a  reservoir  with 
conventional  overflow  spillway. 

Incorporating  Trap-Efficiency  Reduction  Measures 

The  relative  efficiency  and  desirability  of  one  or  more  sedimentation  reduction  measures 
depends  on  reservoir  and  watershed  characteristics,  reservoir  location  on  the  stream 
system,  and  the  severity  of  sediment  and  water  quantity  and  quality  problems  to  be 
addressed.  Building  a  check  or  debris  dam  upstream  of  the  reservoir  can  be  economical 
for  retaining  a  large  part  of  coarse  sediments  upstream  of  the  check  dam.  These 
sediments  can  be  vented  downstream  of  the  reservoir  through  flushing  pipes  or  removed 
every  three  to  five  years  during  dry  conditions  by  crawler  tractors.  Provision  of  gated 
undersluices  in  the  dam  near  the  reservoir  bed  level  helps  in  reservoir  drawdown  flushing, 
venting  density  currents  carrying  high  sediment  loads,  and  venting  of  excess  water 
together  with  sediment  during  medium-to-high  flows.  The  water  vented  through  the 
sluices  mostly  comes  from  the  deeper  water  in  the  reservoir  or  from  the  hypolimnetic 
zone.  Installation  of  a  maneuverable  siphon  system  can  be  economical  and  efficient  for 
small-  to  medium-sized  reservoirs.  Typical  installations  of  sediment  entrapment 
reduction  measures  are  shown  in  Figure  3  for  two  cases:  one  with  check  dam,  flushing 
pipes,  and  undersluices;  and  the  other  with  a  siphon  passing  through  a  bottom  outlet  or 
straddling  the  dam. 

Up  to  80%  or  more  of  the  sediment  entering  a  reservoir  can  be  vented  through  properly 
designed  undersluices  during  high-flow  periods  (Singh  and  Durgunoglu,  1986).  This  can 
be  done  frequently  during  the  high-flow  season,  which  accounts  for  80  to  90%  of  the 
annual  sediment  inflow.  Benefits  of  such  an  operation  would  be  a  drastic  reduction  in  the 
sediment  retained  in  the  reservoir,  practical  elimination  of  hypolimnetic  zone  in  the 
reservoir,  improved  lake  water  quality,  increased  recreational  and  habitat  space,  and 
significant  reduction  in  downstream  bed  degradation  and  bank  caving. 

There  may  be  some  concerns  about  permittability  of  measures  to  reduce  sedimentation  in 
the  reservoir  under  FWPCA  401,  402,  and  404.  Section  401  permit  applies  to 
construction  of  dam  and  reservoir.  If  the  sediment  concentration  in  the  outflowing  water 
is  somewhat  less  than  that  of  the  inflowing  water,  it  should  not  be  a  concern  at  all.  No 
new  effluents  and  dredged  materials  are  added.  Section  402  may  not  apply  because  no 
discharge  of  pollutants  is  involved.  Section  404  applies  to  permits  for  discharge  of 
dredged  or  fill  material,  and  poses  no  problems  for  venting  of  incoming  sediments  (which 
have  not  become  "fill"  yet).  However,  if  venting  of  old  sediments  from  the  existing 
reservoirs  is  contemplated,  factors  such  as  allowable  sediment  concentrations, 
downstream  effects,  and  nearness  to  a  major  stream  may  be  considered  in  the  permitting 
process. 


CONCLUSIONS 

The  following  conclusions  are  drawn  from  this  study: 

1 .  Measures  to  achieve  minimization  of  sedimentation  in  the  reservoir  and  withdrawal  of 
hypolimnetic  waters  or  their  aeration  are  needed  for  an  environmentally  desirable  and 
conservation -oriented  reservoir  design  and  operation. 


121 


2.  The  savings  in  the  initial  cost  of  a  smaller  reservoir  may  be  more  than  sufficient  to 
offset  the  extra  cost  of  mitigative  measures  required. 

3.  Reservoirs  with  sediment-entrapment  reduction  measures  can  be  used  to  a  greater 
extent  beyond  their  design  life  than  those  with  conventional  design. 

4.  Reduction  in  sediment  entrapment  in  the  reservoir  is  synonymous  with  more 
sediment  available  to  flow  downstream.  This  will  significantly  alleviate  downstream 
bed  degradation,  caving-in  of  banks,  and  initiation  of  a  new  cycle  of  erosion  in 
tributaries  entering  the  affected  downstream  reach. 

5.  Venting  of  sediment  with  bottom  waters  improves  reservoir  water  quality  not  only 
because  of  reduced  retention  of  pollutants  adsorbed  on  the  sediment  particles  and  their 
subsequent  recycling  into  the  overlying  waters,  but  also  due  to  venting  and/or 
siphoning  of  hypolimnetic  waters  with  low  dissolved  oxygen  levels.  This  increases 
space  for  recreation  and  habitats. 

6.  Reservoir  sedimentation  adversely  affects  water  supply  and  other  uses.  Minimization 
of  sedimentation  allows  the  optimal  use  of  the  reservoir. 

7.  An  environmentally  desirable,  conservation-oriented  reservoir  design  and  operation  are 
necessary  to  ensure  a  legacy  of  healthy  water  resources  for  future  generations. 
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Table  1.  Values  of  ^  and  M  Used  for  Estimating  Average  Density  of  the 
Compacted  Sediment  Deposits* 


Reservoir  Operation 

Sand 

Silt 

Clay 

Si 

M 

5i 

M 

Si 

M 

Reservoir  always  or  nearly  always  submerged 

93 

0 

65 

5.7 

30 

16.0 

Normally  moderate  reservoir  drawdown 

93 

0 

74 

2.7 

46 

10.7 

Normally  considerable  drawdown 

93 

0 

79 

1.0 

60 

6.0 

Reservoir  normally  empty 

93 

0 

82 

0.0 

78 

0.0 

‘After  Lane  and  Koelzer  (1943). 


Table  2.  Future  Capacities  of  Some  Illinois  Reservoirs 


Reservoir 

Name 

Area 

(mi2) 

As- 

Constructed 

Last 

Survey 

Estimated  Future 

Capacities 

Year 

Cap. 

Year 

Cap. 

2000 

2010 

2020 

2030 

Lake  Taylorville 

131.3 

1962 

9406 

1977 

7914 

6045 

5296 

4580 

3893 

Lake  Decatur 

925.0 

1922 

19738 

1983 

*18800 

16552 

15285 

14057 

12868 

Lake  Pittsfield 

11.1 

1961 

3580 

1985 

2760 

2307 

2015 

1730 

1450 

Lake  Vermilion 

298.0 

1925 

8514 

1988 

*8106 

7414 

6881 

6397 

5964 

Capacities  are  in  acre-feet. 

*  denotes  capacities  considering  raises  in  normal  pool. 
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Table  3.  Present  and  Future  Demands  and  Yields  of  Reservoirs 


Reservoir  Name 

Demand 

or  Yield 

M  or 

Rl 

Demand  or  Yield  for  the  Years 

(mgd) 

1990 

2000 

2010 

2020 

Lake  Taylorville 

Demand 

1.0 

2.55 

2.53 

2.51 

2.54 

1.3 

3.31 

3.29 

3.26 

3.30 

Yield 

20 

7.12 

6.45 

5.59 

4.88 

50 

5.19 

4.73 

4.33 

3.93 

Lake  Decatur 

Demand 

1.0 

26.03 

28.24 

30.31 

32.27 

1.3 

33.84 

36.72 

39.40 

41.95 

Yield 

20 

31.16 

29.30 

28.24 

26.48 

50 

28.58 

26.16 

24.71 

23.66 

Lake  Pittsfield 

Demand 

1.0 

0.44 

0.43 

0.43 

0.44 

1.2 

0.52 

0.51 

0.51 

0.52 

Yield 

20 

1.87 

1.71 

1.56 

1.43 

50 

1.39 

1.28 

1.19 

1.08 

Lake  Vermilion 

Demand 

1.0 

8.04 

7.81 

7.69 

7.80 

1.3 

10.45 

10.16 

9.98 

10.14 

Yield 

20 

20.18 

19.62 

19.06 

18.50 

50 

19.02 

18.46 

17.75 

17.19 

M  =  Demand  multiplier 

Rl  =  Recurrence  interval  in  years  (20  or  50) 


Figure  1 .  Calculated  K  values  for  the  surveyed  reservoirs 


DESIGN  STORAGE  (C0),  103  acre-feet 
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Figure  2.  Design  storage  and  cost  versus  design  period  for  various  trap 
efficiencies  and  K-values  for  draft  rate  of  5%  of  average  annual 
flow,  Indian  Creek  at  Wanda,  Illinois 
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(a)  Check-dam,  flushing  pipe,  and  sluice  gate 


(b)  Siphoning 


Figure  3.  A  schematic  representation  of  typical  installations  of 
sediment  entrapment  reduction  measures 
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ABSTRACT 

As  more  is  learned  about  bacteriology's  early  days,  America's  importance  becomes  more 
apparent.  The  first  American  bacteriology  course  was  taught  earlier  than  many  have 
thought  (1883,  not  1885)  and  its  locale  was  Chicago,  not  the  eastern  seaboard.  Henry 
Gradle,  M.D.,  not  only  taught  the  first  bacteriology  course  in  America  at  Chicago 
Medical  College  but  his  course  preceded  the  one  Robert  Koch  created  in  Berlin.  The 
earliest  original  general  bacteriology  book  in  English  was  written  by  a  Chicagoan, 
William  T.  Belfield,  M.D.,  and  published  there  in  1883.  Subsequently  Greene  V.  Black, 
M.D.,  D.D.S.,  produced  the  first  book  in  English  on  ptomaines  or  bacterial  toxins 
(1884).  The  three  men  earned  degrees  from  Chicago  medical  colleges,  practiced  their 
professions  and  taught  in  Chicago  while  promoting  acceptance  of  bacteriology.  The 
Chicago  milieu,  supplemented  by  postgraduate  study  in  Europe  for  Belfield  and  Gradle, 
prepared  the  scientists  to  respond  quickly  and  positively  to  bacteriology,  a  lifesaving 
discovery  of  the  nineteenth  century. 

THREE  INNOVATIVE  PHYSICIANS 

Chicago's  contributions  to  late  nineteenth  century  bacteriology  have  been  underestimated. 
The  idea  that  the  new  science  first  reached  America's  east  coast  and  then  progressed 
westward  is  mistaken.  Instead,  physicians  and  publishers  in  Chicago  led  opinion  in  the 
English-speaking  world  to  value  bacteriology  in  the  early  1880's. 

Three  physicians  having  medical  degrees  from  Chicago  colleges  promoted  bacteriology  in 
their  lectures  and  writings.  William  T.  Belfield,  Henry  Gradle  and  Greene  V.  Black  tried 
to  reverse  national,  regional  and  local  resistance,  the  first  rooted  in  "a  vicious  national 
training"  grounded  in  a  double  standard:  "It  seems  almost  impossible  for  an  original 
investigator  in  America  to  get  a  hearing,  while  any  statement  from  the  other  side  [of  the 
Atlantic]  at  once  finds  readers,  and  generally  an  appreciative  audience"  ( Dental  Cosmos 
1884).  The  three  men  also  helped  overcome  a  tendency  by  Easterners  to  neglect  or 
disdain  ideas  emanating  from  west  of  the  Appalachians.  A  reviewer  of  Gradle's  Bacteria 
and  the  Germ  Theory  of  Disease  said  its  value  "must  be  local",  mistakenly  dismissed  it 
as  neither  new  nor  original  and  asserted  it  was  merely  one  of  many  such  books  ( Boston 
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Medical  and  Surgical  Journal  Apr.  3,  1884).  Gradle,  Belfield  and  Black  consolidated  the 
work  of  American  pioneers  in  bacteriology  such  as  Thomas  J.  Burrill  of  Illinois 
Industrial  University,  the  first  American  to  discover  a  bacterial  pathogen  (1877),  and 
George  M.  Sternberg,  M.D.,  whose  1880  translation  of  Les  bacteries  is  the  first  general 
bacteriology  book  in  English  (Magnin  1880).  Belfield  published  the  first  original 
general  bacteriology  book  in  English,  On  the  Relations  of  Micro-organismslo  Disease, 
in  1883.  He  also  urged  that  bacteriology  be  recognized  as  a  specialty  and  tried  to  raise 
money  for  research  to  support  the  discipline's  autonomy  (Flaumenhaft  and  Flaumenhaft 
1991).  Gradle  helped  institutionalize  the  subject  by  teaching  the  first  bacteriology  course 
in  an  American  medical  school.  Black  encouraged  acceptance  of  the  germ  theory  of 
disease  in  America  by  appealing  to  the  general  public.  Gradle,  Belfield  and  Black  worked 
energetically  as  teachers,  specialists  and  publicists. 

Henry  Gradle  (1855-1911)  was  born  in  Germany  and  studied  there  until  1869  when  he 
joined  his  father,  a  merchant,  in  Chicago.  He  graduated  from  Chicago  Medical  College 
in  1874,  interned  at  Chicago's  Mercy  Hospital,  and  studied  in  Europe.  At  some  time  he 
visited  Berlin,  Heidelberg,  Leipzig,  Vienna  and  Paris,  and  may  have  studied  with  Koch. 
By  1883  Gradle  was  professor  of  physiology,  Chicago  Medical  College;  taught  at  the 
Chicago  College  of  Pharmacy;  practiced  ophthalmology  and  otology  in  Chicago;  and 
served  as  oculist,  Michael  Reese  Hospital.  He  regularly  surveyed  medical  literature  to 
gather  information.  Gradle  also  edited  summaries  of  foreign  literature  and  probably 
contributed  translations  to  the  Chicago  Medical  Journal  and  Examiner  as  early  as  1878. 
He  published  his  first  book,  Bacteria  and  the  Germ  Theory  of  Disease,  in  1883.  About 
sixty  percent  of  his  book  covers  specific  pathogens;  the  rest  is  about  germ  theory, 
classification,  culture  and  examination  of  bacteria,  and  germs  in  healthy  tissues.  He 
concludes  confidently:  "No  matter,  whether  further  research  will  show,  that  many  more, 
or-be  it  few  other  contagious  diseases,  are  due  to  the  agency  of  bacteria,  the  proof  is 
absolute,  that  the  invasion  by  these  micro-organisms  is  the  cause  of  anthrax,  chicken 
cholera,  the  various  forms  of  septicaemia  in  animals,  tuberculosis,  glanders,  some  forms 
of  suppurative  inflammation,  malignant  oedema,  erysipelas,  gonorrhoea  and  trachoma" 
(Gradle  1883).  Besides  lecturing  to  students  and  encouraging  other  physicians  in  their 
research,  Gradle  discussed  bacteriology  at  popular  and  professional  societies  in  Chicago, 
contributed  to  Popular  Science  Monthly  and  to  a  Chicago  medical  periodical,  and  worked 
on  state  projects.  Two  Illinois  state  reports,  one  by  Nathan  S.  Davis  (1883)  and  the 
other  by  Gradle  (1884),  publicized  the  germ  theory  and  its  Chicago  proponents. 

Gradle’s  1883  bacteriology  course  at  Chicago  Medical  College  preceded  the  one  Robert 
Koch  introduced  in  1885  in  Berlin.  Gradle's  course  was  the  first  such  course  in  the 
United  States  associated  with  a  medical  school  and  spawned  other  courses.  Earlier 
historians  erroneously  awarded  priority  to  instructors  in  New  York  City,  Boston  or 
Philadelphia  teaching  later  in  the  1880's  (Bergey  1917;  Hastings  and  Morrey  1918; 
Gorham  1921;  Beecher  and  Altschule  1977;  Warner  1986;  McFarland  1937;  Davis  1927; 
Clark  1961).  By  1888  Chicago  Medical  College  was  one  of  twelve  American  medical 
schools  offering  bacteriology  and  it  supported  "a  well-equipped  bacteriology  laboratory" 
(Conn  1888).  T.  Yabe,  a  Japanese  naval  surgeon,  translated  Bacteria  and  the  Germ 
Theory  of  Disease  in  1887,  perhaps  because  of  Gradle's  familiarity  with  research  in 
Germany,  Japan's  scientific  model  (Gradle  1887). 

The  Chicago  Medical  College,  where  Gradle  lectured  on  bacteria,  was  noted  for  its  high 
standards,  in  part  because  it  pioneered  the  graded  medical  curriculum  and  entrance 
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examinations  (Ingals,  1883;  Bonner  1957;  Kaufman  1976).  However,  Gradle's  tenure 
may  have  been  difficult  because  a  founder  of  the  college,  Nathan  S.  Davis,  M.D.,  was 
skeptical  of  the  genu  theory.  Davis,  editor  of  the  Journal  of  the  American  Medical 
Association  (JAMA),  taught  the  principles  and  practice  of  medicine  at  the  college.  His 
published  lectures  show  that  even  when  "nearly  all  our  recent  writers"  were  assuming  "an 
organic  germ  of  a  specific  character"  caused  typhoid,  Davis  was  not  persuaded.  He 
cautioned  his  students  that  the  much  talked  of  typhoid  germ  existed  only  in  the  human 
imagination.  Davis  described  "bacteria,  micrococci,  etc."  as  "accompaniments"  of 
diseases  such  as  diphtheria  and  tuberculosis.  Some  investigators  confirmed  Koch's  belief 
in  Bacillus  tuberculosis  as  an  etiologic  agent,  whereas  others  denied  and  modified  it. 
Such  contradictory  statements  disturbed  Davis,  as  did  lack  of  confirmation  of  results  and 
lack  of  "direct  or  positive"  microscopic  or  chemical  evidence  (Davis  1886  [cl 884]).  In 
his  journal  in  1884  Davis  counseled  "conservatism"  defined  as  accepting  bacteria  as 
etiologic  agents  of  a  disease  only  after  careful,  repeated  inoculation  trials  by  different 
persons  produced  trustworthy  results.  Although  Davis  was  not  as  ready  to  ground 
etiology  and  therapeutics  in  experimental  science  as  was  the  younger  generation,  editorial 
responsibilities  modulated  his  personal  preferences.  Before  a  state  and  a  national  audience 
Davis  publicized  Koch's  work  on  the  etiology  of  tuberculosis  and  cited  Gradle  and 
Belfield  as  refuting  critics  of  Koch  (Davis  Oct.  13,  1883).  Davis  opened  JAMA  to 
bacteriological  subjects  such  as  letters  from  Europe  and  Black's  papers.  The  letters 
describe,  for  example,  the  new  "aga  aga"  culture  medium  and  Koch's  new  laboratory 
complete  with  piuure  and  the  news  of  his  new  bacteriology  course  (JAMA  Feb.  14, 
1885;  JAMA  Aug.  15,  1885). 

William  T.  Belfield  (1856-1929)  was  born  in  St.  Louis,  Missouri.  He  attended  public 
school  in  Chicago,  studied  science  at  the  University  of  Michigan,  1872-73,  and  taught  at 
Chicago's  Central  High  School.  He  earned  his  M.D.  at  Rush  Medical  College,  Chicago, 
1877,  and  did  postdoctoral  work  in  London  and  on  the  Continent.  Young  Belfield's 
reputation  was  probably  made  when  he  reported  from  Vienna  Koch's  discovery  of  the 
tubercle  bacillus  (Belfield  1882).  Belfield  had  contributed  articles  to  the  Chicago 
Medical  Journal  and  Examiner  before  he  went  to  Europe  for  postdoctoral  study  and  acted 
as  the  journal's  medical  correspondant  while  abroad.  He  was  teaching  at  Rush  Medical 
College  when  the  alumni  association  of  the  College  of  Physicians  and  Surgeons,  New 
York  City,  invited  Belfield  to  deliver  the  Cartwright  Lectures  in  February  1883.  The 
topic  requested  by  the  association,  the  relations  of  microorganisms  to  disease,  echoes  the 
title  of  a  Joseph  Lister  paper.  Remarkable  publicity  surrounded  Belfield's  Cartwright 
Lectures  and  their  printed  versions.  The  Chicago  Medical  Journal  and  Examiner 
announced  his  Cartwright  Lectures  in  advance  and  arranged  for  Gradle  to  review  Belfield's 
book,  On  the  Relations  of  Micro-organisms  to  Disease,  when  it  was  published  in 
Chicago  and  New  York. 

In  his  first  Cartwright  Lecture  Belfield  said  that  bacteriology  verged  on  being  an 
independent  discipline.  His  four  talks  treated  principles  of  identifying  bacteria;  sepsis  and 
antiseptic  surgery;  specific  organisms,  accompanied  by  lantern  slides;  and  immunology. 
Belfield  also  attended  medical  and  pathological  society  meetings  in  New  York  City  before 
returning  to  a  rousing  reception  at  the  Chicago  Medical  Society  on  April  16,  1883,  a 
meeting  which  attracted  the  highest  attendance  in  several  years.  Before  an  audience  of 
around  one  hundred  members  and  guests  from  Illinois,  Iowa,  and  Kansas,  Belfield 
commented  on  thirty-one  lantern  slides  of  photomicrographs,  twenty-four  of  which  had 
illustrated  his  Cartwright  Lectures  (Chicago  Medical  Journal  and  Examiner  June  1883). 
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Next  he  joined  the  American  Medical  Association  circuit  in  Chicago  and  attended  several 
of  its  national  meetings  as  a  Chicago  delegate.  In  one  instance  Belfield's  talk  on  the 
germ  theory  was  praised  by  Dr.  Austin  Flint  Sr.,  and  Dr.  Austin  Flint  Jr.  assisted  in  the 
discussion.  Another  audience  awaited  Belfield  when  he  spoke  at  a  commencement  of  the 
Chicago  College  of  Dental  Surgery,  where  he  taught  microscopy  and  surgery  as  a 
colleague  of  Black. 

Belfield  championed  bacteriology  as  a  discipline.  He  argued  that  identifying  bacteria  was 
a  "more  serious  undertaking"  than  the  literature  in  English  implied.  He  asserted  that 
experienced  physicians,  even  pathologists,  failed  "to  appreciate  the  first  principles  of 
mycological  investigation."  Therefore  bacteriology  could  not  remain  the  province  of 
ordinary  dermatologists,  surgeons  and  pathologists.  The  "special  methods  and 
manipulations  necessary  for  the  recognition  and  cultivation  of  bacteria"  constitute  what 
he  called  "a  special  department  of  investigation"  requiring  "special  study  and  experience." 
Only  concentration,  "the  renunciation  of  other  pursuits,"  produced  good  results.  To  drive 
his  point  home  Belfield  exposed  various  errors  made,  among  others,  by  "an  eminent 
practitioner  of  New  England"  who  had  toured  the  United  States  instructing  audiences 
incorrectly  about  the  etiologies  of  tuberculosis  and  syphilis  (Belfield  1883). 

One  reviewer  commended  Belfield's  On  the  Relations  of  Micro-organisms  to  Disease  to 
more  advanced  students  because  of  his  "critical  and  even  judicial  flavor"  ( Science  Feb.  1, 
1884).  Belfield  said  that  only  a  dozen  men  "have  given  abundant  evidence  of  competence 
in  bacterial  investigations"  and  seemed  to  rank  George  M.  Sternberg  among  this  elite. 
Belfield  attacked  Henry  F.  Formad,  University  of  Pennsylvania  medical  school,  for  the 
internal  contradictions  of  his  work  on  diphtheria  and  tuberculosis,  and  for  Formad's  belief 
that  narrow  lymph  spaces  determined  susceptibility  to  tuberculosis.  It  incensed  Belfield 
that  Formad  ignored  the  research  done  in  Great  Britain  and  Europe  over  the  last  fifteen 
years.  He  criticized  Pasteur  and  Klebs  for  publishing  "hasty  and,  as  subsequently 
appeared,  erroneous  conclusions,  [which]  forfeited  much  of  the  prestige  acquired  by  their 
earlier  classical  works  on  fermentation  and  gunshot  wounds  respectively."  Belfield  said 
they  "have  ignored  successive  improvements  in  technique;  have  apparently  assumed  that 
all  infectious  diseases  are  of  bacterial  origin;  that  therefore  the  discovery  of  a  bacterium 
in  a  diseased  animal  is  ample  proof  of  its  pathogenic  influence."  Thus  Klebs  had  claimed 
to  discover  the  etiologic  agents  of  tuberculosis,  syphilis,  typhoid  fever,  "etc."  Belfield 
knew  that  some  people  were  seeing  debris  under  the  microscope  and  calling  it  bacteria. 
To  verify  bacteria  he  directed  attention  to  their  size,  shape,  presence  or  absence  of 
motion,  distinctive  chemical  traits  detected  by  certain  chemical  reagents,  and,  as  the 
"only  positive  proof,"  their  "independent  exhibition  of  reproductive  power."  He  asserted 
that  much  of  the  literature  available  in  English  was  frivolous  because  the  authors 
exercised  insufficient  care.  Koch  was  Belfield's  model  because  Koch  used  "all  his 
influence,  by  precept  and  example,  to  raise  ...  bacterial  investigation  from  the  mire  of 
uncertainty,  doubt,  skepticism,  and  contempt  to  the  firm  basis  of  exact  science"  (Belfield 
1883). 

Bacteriology  required  money  to  become  an  independent  specialty  so  Belfield  appealed  for 
"State  or  corporate  assistance."  If  supported  by  laboratories  and  other  expensive 
facilities,  bacteriology  might  yield  trustworthy  results.  In  urging  national  support  for 
the  study  of  infectious  diseases  of  cattle  he  wrote  as  a  Midwesterner  living  in  a  city  so 
dependent  on  stockyards,  rendering  and  meatpacking  as  Chicago.  Belfield  said  American 
'live-stock  interests"  are  already  greater  than  in  France  and  Germany,  and  he  estimated 
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that  in  the  United  States  a  single  disease  of  cattle  and  of  hogs  combined  could  cause  a 
loss  of  $50  million  in  a  year.  He  marveled  that  the  American  government  that  had  spent 
money  on  local  river  and  harbor  improvements  and  expensive  commissions  sent,  for 
example,  to  observe  the  transit  of  the  moon,  had  not  yet  made  "one  judicious, 
systematic,  liberally  supported  inquiry  into  the  possibility  of  acquiring  protection  against 
pleuro-pneumonia,  hog-cholera,  and  other  devourers  of  the  national  wealth."  The 
achievements  of  Pasteur  and  other  Europeans  in  developing  immunotherapy  were 
publicized  by  Belfield  and  Gradle.  Belfield  not  only  included  actinomycosis  in  his  book 
but  he  shocked  cattlemen  and  meatpackers  by  discovering  the  fungal  disease  at  the 
Chicago  stockyards  (Actinomycosis  1883-1884).  Belfield's  appeal  for  funds  failed  to 
mention  the  United  States  Department  of  Agriculture  and  its  role  in  research.  For 
example,  he  seemed  unaware  of  studies  by  Henry  J.  Detmers,  D.V.M.,  then  in  Illinois, 
especially  his  reports  to  the  Department  of  Agriculture  between  1879  and  1883  about 
diseases  of  swine,  sheep  and  other  domesticated  animals. 

Sternberg  also  complained  about  the  level  of  American  government  support  of  science 
compared  to  the  liberal  aid  awarded  to  leading  investigators  of  "disease  germs"  by  the 
German  and  French  governments  (Sternberg  1884  [cl 883]).  Belfield's  and  Sternberg's 
pleas  were  healthy  signs.  Reingold  (1972)  suggests  that  when  scientists  stop 
complaining  their  nation  is  probably  entering  a  period  of  relative  decline.  Support  for 
science  laboratories  seemingly  always  trails  needs.  Still,  when  Belfield  and  Sternberg 
criticized  the  level  of  funding  in  America,  the  percentage  of  the  gross  national  product 
devoted  to  scientific  research  and  development  "was  probably  roughly  equal  to 
Germany's -perhaps  even  slightly  larger"  (Reingold  1972).  To  illustrate  his  injunction 
for  careful  research,  Belfield  presented  several  models  from  which  Americans  might 
choose.  Americans  were  indebted  to  France  for  the  "very  salvation  of  enormous 
interests"  with  eradication  of  silkworm  disease  and  preventive  vaccination  against  anthrax 
and  chicken  cholera;  to  England  for  individual  innovators  like  Lister  and  Tyndall;  to 
Germany  for  its  model  of  state- sponsored  research,  the  Imperial  Department  of  Health;  to 
an  Austrian  entrepreneurial  surgeon  like  Theodor  Billroth;  and  to  corporate  support  for 
research  (no  names  mentioned).  Belfield's  interest  in  these  models  reflects  the  pluralism 
of  institutional  support  that  characterized  American  science's  considerable  vitality  around 
1880  (Kevlesetal.  1980). 

Speculation  about  mechanisms  of  bacterial  action  took  Belfield,  Black,  and  predecessors 
like  Sternberg  beyond  germ  theory  toward  substances  that,  said  Belfield,  have  acquired 
"noxious  properties  through  previous  vital  activity"  of  bacteria.  In  trying  to  understand 
how  pathological  conditions  arise  Belfield  discussed  septicemia  at  length  and  mentioned 
anthrax.  He  said  septicemia  "may  be  induced  on  the  one  hand  by  the  vital  action  of 
isolated  bacteria,  and  on  the  other  by  unorganized  substances"  such  as  the  boiled  septic 
materials  proposed  by  P.  L.  Panum  and  J.  A.  Rosenberger,  or  the  sepsin  proposed  by 
Ernst  von  Bergmann.  Panum's  work  went  back  to  the  1 850's  and  Bergmann's  to  the 
1860's.  A  reviewer  of  Belfield's  book  predicted  that  "The  future  of  cellular  biology 
seems  to  lie  in  these  obscure  ferments  and  ptomaines,  affording  a  golden  opportunity  for 
the  physiological  chemist"  ( Science  Feb.  1,  1884).  Over  time,  research  defined  some  of 
the  substances  called  unorganized  ferments  or  ptomaines  as  bacterial  toxins  and/or 
enzymes.  For  example,  the  problem  of  exactly  how  Bacillus  anthracis  operates  remained 
a  mystery  until  1954  when  its  exotoxin,  a  poison  liberated  by  Gram  positive  bacteria, 
was  first  demonstrated. 
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Although  his  title  omits  the  word  ptomaines,  Black's  Formation  of  Poisons  bv  Micro¬ 
organisms  addressed  this  subject  which  was  popular  in  America.  As  early  as  1882 
Appleton's  Annual  Cyclopaedia  began  publishing  news  about  ptomaines,  describing 
discoveries  by  Italian,  French  and  German  scientists.  As  more  European,  English  and 
American  scientists  investigated  ptomaines,  the  putrefactive  alkaloids,  and  leucomaines, 
the  physiological  alkaloids,  references  to  them  in  American  technical  books  and  medical 
yearbooks  proliferated.  Black's  book  may  be  the  first  book  in  English  about  ptomaines. 
Black  attributed  "each  infectious  disease"  to  the  poisonous  metabolic  products  of  a 
microorganism  "capable  of  developing  in  the  tissues,  or  blood  ...."  He  reasoned  that 
microorganisms  produce  something  analagous  to  higher  plant  alkaloids  and  cited  Koch, 
Klebs,  Sternberg  and  Gradle  to  confirm  this.  Black  said  Koch  clearly  demonstrated  that 
fluids  deprived  of  bacteria  will  poison  or  kill,  and  his  research  on  anthrax  and  gangrene  in 
mice  suggested  a  search  for  anthracine  and  for  "some  product"  such  as  a  poisonous 
alkaloid.  As  a  host  defense  mechanism  Black  adopted  the  idea  of  phagocytosis  Sternberg 
proposed  in  1881  and  covered  in  his  1884  book.  Black  envisaged  a  contest  of  cell 
against  cell  and  quoted  Sternberg's  idea  that  the  capture  of  a  pathogenic  organism  by  the 
white  corpuscles  would  occur  "if  the  captor  is  not  paralyzed  by  some  potent  poison 
evolved  from  it  (italics  are  mine),"  that  is,  Black's. 

Black  listed  a  range  of  pathogens  as  "positively  demonstrated":  five  bacilli  (the  etiologic 
agents  of  anthrax,  septicemia,  erysipelas,  leprosy  and  tuberculosis),  the  micrococcus  of 
pyemia,  the  "cocco-bacterium"  of  gangrene,  and  the  spirillum  of  relapsing  fever.  He  said 
"the  mere  presence  of  the  organisms  is  not  a  sufficient  cause  of  the  diseases  that 
experiment  teaches  us  are  induced  by  them  ...."  Although  some  microorganisms 
possibly  cause  disease  mechanically  by  irritation,  their  "general  mode  of  action  is 
through  their  soluble  ferment  and  the  toxic  properties  of  their  waste  products"  of 
respiration  and  excretion.  Black  noted  bacteria's  "especial"  characteristic  is 
remoleculization  whose  effects  range  from  "entirely  harmless"  through  "production  of  the 
most  deadly  poisons."  As  a  vitalist  he  defined  remoleculization  as  "that  disturbance  or 
change  of  the  molecular  form  of  matter  which  occurs  under  the  influence  of  the  life 
force."  Yet  one  example  he  uses,  starch  in  the  presence  of  saliva,  suggests  Black  had 
enzymatic  action  in  mind.  In  another  example  he  said  lactic  acid,  thought  to  promote 
tooth  decay,  results  from  remoleculization  "brought  about  by  the  life  force,  as  manifested 
in  the  form  of  microorganisms."  Black  based  his  germ  theory  of  caries  on  research  by 
others,  including  the  American  dentist  then  working  in  Berlin,  Willoughby  D.  Miller. 
Black’s  sources  showed  that  lactic  acid  produces  decay  through  "fermentation  or 
decomposition"  resulting  from  "the  activity  of  living  organisms."  Consequently,  "the 
old  acid  theory  [of  dental  caries]  glides  easily  into  the  new  germ  theory...."  (Black 
1884a). 

Thus  Black's  quest  for  the  why  and  how  of  microbial  action  led  him  toward  bacterial 
toxins  and  he  forecast  that  poisonous  alkaloids  "will  be  isolated  at  no  distant  day." 
Although  Black  sensed  the  importance  of  toxins  he  was  not  enough  of  a  chemist  to 
prove  his  point.  In  1884  Friedrich  Loeffler  suspected  that  a  toxin  made  the  diphtheria 
bacillus  pathogenic,  and  in  1888  Emile  Roux  and  Alexandre  Yersin  characterized  that 
toxin.  Black  correlated  microorganisms  and  ptomaines.  Some  "antimicrobists" 
exploited  ptomaines  in  an  effort  to  exclude  microorganisms  as  etiologic  agents  and  reduce 
them  to  "accompaniments"  of  disease.  Another  tactic  was  to  blame  a  single  substance, 
for  example  ammonia,  an  "organic  alkali,"  as  the  sole  cause  of  all  diseases  (Ziegler 
1884). 
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Like  Gradle  and  Belfield,  Black  wanted  the  germ  theory  to  be  widely  accepted  yet  he 
worried  that  ordinary  people  could  not  comprehend  the  existing  "mass  of  unexplained 
facts"  based  on  experiment.  Black  knew  that  even  though  the  "thought  of  the  present 
time  demands  absolute  demonstration",  experimental  facts  supporting  the  genu  theory 
"will  satisfy  the  minds  of  but  very  few."  However,  he  believed  such  facts  were  sufficient 
to  support  generalizations  that  would  persuade  more  people  to  accept  the  germ  theory  of 
disease.  Black  offered  nine  points  he  had  adduced  as  "presumptive  evidence  that  all 
contagious  and  infectious  diseases  are  produced  by  disease  germs."  Then  he  generalized 
by  answering  why  (poisons)  and  how  (remoleculization)  bacteria  work.  Black  described 
how  "these  low  organisms  produce  disease"  so  that  the  principles  of  bacteriology  could 
"find  a  firm  basis  in  the  minds  of  the  masses  of  men"  (Black  1884a). 

Black's  Formation  of  Poisons  bv  Microorganisms  was  probably  the  "satisfactory  thesis" 
required  of  M.D.  candidates  at  Chicago  Medical  College.  Like  Belfield's  and  Gradle's 
books,  Black's  was  based  on  a  series  of  lectures.  Black  addressed  Chicago  College  of 
Dental  Surgery  students  and  "a  number  of  practitioners  who  were  ticketed  especially  for 
this  course"  (Black  1884a).  As  did  Belfield,  Black  took  part  in  the  American  Medical 
Association  circuit  by  addressing  two  different  sections  of  the  association  at  a  single 
meeting.  These  presentations  as  published  are  brisker  and  more  direct  than  their  source, 
Formation  of  Poisons  bv  Micro-organisms  (Black  1884b;  Black  1885).  Some  reviews 
of  Black's  book  in  professional  and  popular  journals  noted  it  was  not  based  on  original 
research.  And  the  book  was  completely  overlooked  by  Victor  C.  Vaughan  and  F.  G. 
Novy  who  said  their  Ptomaines  and  Leucomaines  (1888)  was  the  "first  attempt  to  ... 
embrace  everything  of  importance  on  this  subject."  Black,  himself  largely  self-taught, 
acknowledged  the  risk  of  generalizing  upon  the  research  of  others.  Still  he  attempted, 
none  too  successfully,  to  provide  people  with  something  more  intelligible  than  a  forest 
of  facts.  Other  factors  contributing  to  the  eclipse  of  Black's  book  include  his  attempt  to 
generalize  about  a  rapidly  developing  field,  his  rather  mechanical  grasp  of  chemistry,  the 
book's  origin  as  a  thesis,  and  the  competition  of  Vaughan  and  Novy's  study  which 
coincided  with  Roux  and  Yersin's  breakthrough. 

Greene  V.  Black  (1836-1915)  rose  to  the  top  of  his  profession.  Born  near  Winchester, 
Illinois,  Black  began  practicing  dentistry  in  1857  and  continued  after  being  wounded 
during  the  Civil  War.  Next  he  invented  a  foot  and  cord  driven  dental  drill  and  taught  at 
Missouri  Dental  College,  St.  Louis  (1870-1880),  which  conferred  a  D.D.S.  degree  upon 
him  in  1878.  Black  served  as  first  head  of  the  Illinois  State  Board  of  Dental  Examiners 
beginning  in  1881,  and  in  1883  he  began  lecturing  at  the  Chicago  College  of  Dental 
Surgery.  Black  received  an  M.D.  degree  from  Chicago  Medical  College  in  1884,  the 
same  year  he  published  Formation  of  Poisons  bv  Micro-organisms,  his  first  book.  After 
studying,  practicing  and  teaching  dentistry  in  downstate  Illinois,  Missouri,  Chicago,  and 
Iowa,  Black  moved  to  Northwestern  University's  dental  school  in  Chicago  (1891)  and 
served  as  its  dean,  1897-1915.  Black's  partisans  call  him  the  "Father  of  Modern 
Dentistry,"  a  title  that  appears  on  a  statue  erected  in  his  honor  in  Chicago's  Lincoln  Park 
(Black  1931?;  Black  and  Black  1940;  Henderson  1961;  Pappas  1983).  His  office 
equipment,  including  microscope,  is  displayed  at  the  Smithsonian  Institution.  Although 
Belfield  and  Gradle  studied  abroad  as  postgraduates,  it  was  unnecessary  for  Black  to  do  the 
same.  When  Black  was  developing  professionally,  American  dentists  were  much  sought 
after  by  the  European  aristocracy  as  "superior  practitioners"  ( Chicago  Medical  Journal 
and  Examiner  1876).  Unlike  bacteriology,  dentistry  was  a  medical  field  in  which 
Americans  were  ahead  and  thus  highly  respected  abroad. 


136 


Together  these  three  men  created  powerful  synergy  on  behalf  of  bacteriology.  Black,  a 
student  at  Chicago  Medical  College  when  Gradle  was  teaching  bacteriology  there,  cited 
Gradle's  and  Sternberg's  books  in  his  own.  In  the  1880's  Black  and  Belfield  taught  at  the 
Chicago  College  of  Dental  Surgery,  and  in  the  1 890's  Black  and  Gradle  became 
colleagues  at  Northwestern  University's  dental  and  medical  schools.  Early  in  their 
medical  careers,  Gradle  and  Belfield  contributed  to  the  Chicago  Medical  Journal  and 
Examiner ,  and  Gradle  reviewed  Belfield's  book  there.  Both  men  helped  Bayard  Holmes,  a 
homeopathic  physician,  learn  bacteriological  techniques.  For  example,  as  Holmes 
became  an  avid  microscopist  and  experimentalist,  Gradle  suggested  he  use  whiskey 
bottles  turned  on  the  side  when  Petri  dishes  are  unavailable  (Hektoen  1937).  Belfield,  as 
secretary  of  the  Chicago  Pathological  Society,  recorded  Dr.  Christian  Fenger's 
demonstration  of  the  bacterial  nature  of  endocarditis  for  the  first  time  in  America  in  1879 
(Bonner  1957).  Later  Fenger  wisely  encouraged  Dr.  Charles  W.  Earle  to  consult  Gradle 
for  help  in  staining  tubercle  bacilli.  Gradle,  an  Illinois  State  Microscopical  Society 
trustee,  had  published  a  paper  about  identifying  that  bacillus  (Gradle  and  Woltmann 
1883).  In  time,  Gradle  and  Belfield  practiced  medicine  at  the  same  address,  100  State 
Street,  Chicago. 

CHICAGO  NURTURED  PRACTICAL  INNOVATION 

The  Chicago  milieu  encouraged  new  ideas  with  practical  applications,  such  as 
bacteriology.  If  Chicago  were  to  flourish,  the  enteric  and  other  diseases  so  prevalent  in 
the  1870's  had  to  be  controlled.  Some  residents  believed  Chicago's  slaughterhouses  and 
glue  factories  disseminated  organic  poisons  and  caused  a  large  percentage  of  the  mortality 
in  the  city  (Ingals  1877).  As  Chicago's  commercial  and  industrial  base  expanded,  its 
railroad  ramifications  developed,  and  its  population  rose,  Chicago  advanced  toward 
intellectual  eminence.  Trains,  including  the  Pullman  cars  designed  and  built  in  Chicago 
since  1864-65,  brought  settlers,  scientists,  students  and  others  from  long  distances 
swiftly  and  relatively  comfortably.  Gradle,  Belfield  and  Black  were  attracted  to  the  city, 
as  was  Walter  H.  Bulloch,  internationally  known  maker  of  microscopes  and  microtomes. 

Chicago  was  becoming  a  convention  center  even  as  the  Chicago  Medical  Society  first 
discussed  the  germ  theory  of  disease.  The  American  Medical  Association,  founded  in 
Chicago,  the  American  Public  Health  Association,  and  the  Association  of  American 
Medical  Authors  held  meetings  in  Chicago  in  1877,  and  national  political  conventions 
followed.  Chicago  publishers  started  at  least  five  new  medical  journals  and  one  dental 
journal  in  the  1880's.  The  city  supported  several  medical  schools;  the  Chicago  College 
of  Dental  Surgery;  the  Chicago  College  of  Pharmacy;  and  the  Illinois  Training  School 
for  Nurses,  founded  in  1870  to  service  Cook  County  Hospital.  Chicagoans  boasted  of 
its  new  and  planned  hospitals  and  laboratory  facilities.  Rising  standards  of  medical, 
dental,  pharmacy  and  nursing  education  in  Chicago  attracted  so  many  students  that 
enrollment  in  its  medical  schools  soared  to  the  largest  in  the  United  States  in  the  1880's. 
The  city  drew  some  of  the  best.  For  example,  William  Worrall  Mayo,  who  had  sent  his 
elder  son  William  J.  to  the  University  of  Michigan,  chose  Chicago  Medical  College  for 
his  younger  son  Charles  in  1885  because  of  its  three  year  program. 

The  theme  of  Chicago  as  ranking  among  the  most  prominent  medical  centers  in  America 
gained  momentum  between  1884  and  1886.  A  large  audience  of  graduates  and  guests  at 
the  March  1884  commencement  of  the  College  of  Physicians  and  Surgeons  of  Chicago 
applauded  Professor  Charles  W.  Earle,  M.D.,  when  he  spoke  on  the  subject.  Late  in 
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1885  the  Chicago  Medical  Journal  and  Examiner  also  took  up  the  cause.  Of  two 
editorials  in  the  American  Medical  Association's  Journal  on  the  theme,  the  first 
emphasized  the  initiative  of  Chicago  physicians  and  the  other  provided  statistics.  Editor 
Nathan  S.  Davis  wrote  about  a  Chicago  he  had  known  since  1849.  In  1885  he  noted 
rising  standards  of  admission  and  of  curriculum  without  mentioning  his  struggle  to 
establish  them.  Davis  praised  Chicago  for  the  "number  and  extent"  of  the  hospitals  and 
dispensaries  open  for  clinical  instruction,  the  "number  and  ability"  of  Chicago's 
specialists  and  teachers,  and  the  number  of  medical  students  these  attracted  to  Chicago. 
He  said  Chicago  medical  schools  enrolled  755  students  and  graduated  292  men  and 
women  annually.  Then  Chicago's  medical  register  listed  557  regular  physicians 
practicing  in  Chicago,  up  from  353  a  decade  earlier.  Davis  challenged  the  Easterners  of 
New  York,  Boston  and  Philadelphia:  "If  Chicago  does  not  at  this  day  rank  with  the  first 
three  cities  of  America  in  respect  to  population  and  commerce,  the  foregoing  facts  show 
that  she  certainly  does  as  a  centre  of  medical  education  and  scientific  progress"  (Davis 
Dec.  12,  1885;  Davis  Apr.  3,  1886). 

Gradle  specialized  in  ophthalmology,  Belfield  in  genito-urinary  surgery  and  Black  in 
dental  surgery.  Beginning  in  1882  polyclinics  were  being  organized  in  America  to  offer 
practitioners  short  courses  in  surgery  and  new  specialties  like  ophthalmology.  In  1885 
the  American  Medical  Association's  Journal  reported  that  Chicago  would  soon  have  a 
polyclinic  for  postgraduate  medical  students  similar  to  those  in  New  York  and 
Philadelphia  and  Paris  and  other  foreign  cities.  The  editor  did  not  mention  Belfield's 
involvement  (Davis  Dec.  12,  1885).  As  a  founder  of  the  Chicago  Policlinic,  Belfield 
was  among  the  first  Americans  to  initiate  postgraduate  clinical  study  in  America.  As  its 
secretary  Belfield  advertised  "entirely  clinical"  postgraduate  teaching  in  which  "didactic 
and  formal  lectures  on  practical  branches  ...  [were]  strictly  excluded."  The  literature's 
habitual  focus  on  East  Coast  scientific  activities  in  America  has  left  Belfield's  teaching 
innovation  in  Chicago  unappreciated  (example:  Peitzman  1980).  More  important, 
bacteriology,  like  clinical  teaching,  encourages  students  to  participate  in  hands-on 
learning  in  addition  to  more  passive  forms  of  study.  Ludmerer  (1985)  views  the 
introduction  of  "laboratory  and  hospital  work"  as  one  of  the  major  developments  of 
American  medical  education  in  the  latter  part  of  the  nineteenth  century.  Although 
Ludmerer  does  not  dwell  on  bacteriology,  the  subject  fits  his  thesis  admirably  and  also 
illuminates  the  evolution  of  Belfield's  career.  Belfield  belonged  to  the  first  generation  of 
American  surgeons  to  integrate  the  antiseptic  principle  into  their  work  His  knowledge 
of  bacteriology  freed  Belfield  to  become  an  imaginative  surgeon  and  to  create  new 
procedures  (Flaumenhaft  and  Flaumenhaft  1991). 

Henry  Gradle,  William  T.  Belfield  and  Greene  V.  Black  embodied  lively  scientific 
curiosity.  These  physicians  encouraged  positive  yet  critical  consideration  of  the  germ 
theory  of  disease  etiology  and  addressed  a  wide  audience  in  their  effort  to  build  popular, 
scientific  and  financial  support  for  bacteriology  as  an  independent  discipline.  This  essay 
on  innovators  from  Illinois  extends  the  work  of  P.  Allen  Richmond  and  others  who  have 
studied  different  aspects  of  how  American  scientists  received  the  germ  theory  of  disease  in 
the  1880’s  (Allen  1947;  Richmond  1954;  Warner  1985). 

Why  has  the  role  of  these  Chicagoans  in  the  genesis  of  bacteriology  been  obscured? 
Writers  like  King  (1983,  1991)  who  minimize  the  Chicago  context  overlook  the  city's 
capacity  to  catalyze  intellectual  development.  The  fact  that  Chicago  attracted  and 
sustained  dynamic  scientists  like  Gradle,  Belfield  and  Black  demonstrates  how  successful 
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cities  grow.  Instead  of  repeating  the  gestation  phases  of  older  communities,  Chicago 
advanced  with  its  era's  growth.  It  did  what  the  most  modern  parts  of  older  cities  were 
doing,  whereas  many  institutions  in  older  communities  remained  captives  of  the  fixed 
interests  of  an  earlier  era.  In  a  rejuvenated  Chicago,  sometimes  called  Phoenix  City  after 
the  1871  fire,  medical  schools  and  their  teachers  could  innovate.  An  English  visitor 
described  Chicago  as  "full  of  energy  and  enterprise"  and  receptive  to  "such  science  as 
serves  its  purpose"  (Duffus  Hardy  1881).  Belfield,  Gradle  and  Black  capitalized  on  this 
situation  to  usher  in  America's  golden  age  of  public  health  in  the  early  1880's  by 
explaining  the  utility  of  bacteriology. 
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Figure  1  (Portrait  of  William  T.  Belfield,  M.D.,  1856-1929) 

William  T.  Belfield,  M.D.,  1856-1929.  Bacteriology  captured  Belfield's  interest  in  the 
late  1 870's  and  early  1880's.  After  publishing  the  first  original  general  bacteriology 
book  in  English  (1883),  he  became  a  leading  surgeon  and  first  president  of  the  Chicago 
Urological  Society  (1903).  For  a  portrait  of  Belfield  as  a  young  man  see  Unrivaled 
Chicago  (1896),  page  101.  Henry  Gradle,  M.D.,  1855-1911,  called  the  Little  Giant  by 
some  of  his  friends,  looks  directly  and  searchingly  at  the  viewer  in  the  portrait  owned  by 
the  Chicago  Historical  Society.  By  1870  Greene  V.  Black,  M.D.,  D.D.S.,  1836-1915, 
was  balding  and  had  adopted  the  full  beard  and  mustache  he  wore  until  the  end  of  his  life 
(Pappas  1983,  fig.  21). 

Source  of  WTB  portrait:  III  Med.  /.,  137  (Jan.  1970):  54-59. 
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Figures  2  and  3  (Illustrations  from  Belfield’s  “Micro-Organisms”) 

Belfield  illustrated  his  Cartwright  Lectures  to  the  alumni  of  the  College  of  Physicians 
and  Surgeons,  New  York  City,  with  lantern  slides.  Among  the  copies  of  eighteen 
original  photomicrographs  Belfield  published  and  widely  circulated  were  "Anthrax  bacilli 
showing  spore  formation"  (300X),  and  "Spirochaete  of  Obermeier  and  human  blood- 
corpuscles,"  based  on  Koch  (700X).  Relapsing  fever's  spirochete  discovered  in  1873  has 
since  been  named  for  Borrel  rather  than  Obermeier. 

Source:  Med.  Rec .,  New  York,  23,  no.  8  (Feb.  24,  1883):fig.  4,  and  no.  12 
(Mar.  24,  1883):fig.  10. 

Figure  2  (Anthrax  with  spores) 
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Figure  3  (Spirochaete  of  Obermeier) 
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Figures  4  and  5  (Microscope  and  Microtome) 

Without  master  instrument  makers  students  of  bacteriology  would  have  been  stymied. 
Walter  H.  Bulloch,  a  Scotsman  trained  by  an  optician  in  New  York  City,  moved  to 
Chicago  in  1866.  These  early  1880’s  products  are  his  Congress  stand  (magnifying 
power,  2,000  diameters)  and  combination  microtome  for  cutting  serial  sections  ($65). 
Of  twenty  companies  making  microscopes  in  the  United  States  by  1880  Bulloch's  was 
one  of  two  based  in  Chicago,  and  his  work  was  known  world-wide. 

Source:  Amer.  Monthly  Micros.  J .  3,  no.  l(Jan.  1882):9-13,  and  6,  no.  3  (Mar. 
1885):45-46. 


Figure  4  (Bulloch  Microscope) 
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Figure  5  (Bulloch  Microtome) 
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Figure  6  (Editorial) 

Debut  of  The  Dental  Review  (1886),  one  of  at  least  six  new  medical  journals  started  in 
Chicago  in  the  1880's.  Allison  W.  Harlan,  M.D.,  D.D.S.,  1851-1909,  editor  of  the 
periodical,  later  participated  in  the  World’s  Columbian  Dental  Congress,  Chicago,  1893. 
The  germ  theory  article  by  George  H.  Cushing,  M.D.,  D.D.S.,  occupied  one-seventh  of 
Dental  Review's  first  number.  Harlan  earned  his  M.D.  at  the  College  of  Physicians  and 
Surgeons  of  Chicago,  1883,  and  Rush,  where  Belfield  taught,  conferred  an  honorary 
M.D.  upon  Cushing,  1885. 

Source:  Am er.  Monthly  Micros.  J.  8,  no.  1  (Jan.  1887):  14. 


EDITORIAL. 

Volume  I  and  Number  i  of  The  Dental  Review ,  devoted  to  the  advance¬ 
ment  of  dental  science,  and  published  by  W.  T.  Keener,  Chicago,  Ill.,  has 
recently  been  received.  We  are  pleased  with  its  appearance  and  its  claims, 
and  most  heartily  wish  it  a  successful,  and  that  means,  we  trust,  useful  career. 
It  contains  articles  on  the  periosteum  and  peridental  membranes,  with  a  very 
creditable  plate ;  the  germ  theory  in  its  relation  to  daily  practice  ;  gold  foil ; 
oral  surgery ;  doings  of  societies ;  correspondence ;  editorial  review,  and 
other  matters.  This  first  number  is  a  well  printed  pamphlet  Qf  5 6  pages,  and 
in  every  respect  a  creditable  magazine.  We  are  especially  glad  to  note  the 
high-toned  manner  in  which  its  editor  introduces  himself,  proposing  for  his 
guidance  the  maxim,  4  With  malice  toward  none,  with  charity  for  all/  and 
trust  that  he  may  be  able  to  so  maintain  the  difficult  position  of  stating  the 
truth  fearlessly,  and  yet  so  impersonally,  as  to  be  able  to  leave  out  the  element 
of  rancor  which  we  regret  to  ever  see  in  the  columns  of  any  journal. 
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ABSTRACT 

Examination  of  3 1  Rana  catesbeiana  collected  from  the  La-Rue  Pine  Hills  Ecological 
Area,  southern  Illinois  from  September  through  November,  1990  for  helminths  revealed 
Haematoloechus  breviplexus  (12.9%),  M egalo discus  temper atus  (29%),  Gorgodera 
amplicava  (12.9%),  Gorgoderina  attenuata  (2.9%),  Cosmocercoides  dukae  (22.6%)  and 
Camallanus  sp.  (3.2%).  Two  R.  catesbeiana  collected  from  a  small  flood  pond  of  the  Big 
Muddy  River  were  infected  with  Glypthelmins  quieta  (50%),  Gorgoderina  attenuata  (50%) 
and  Cosmocercoides  dukae  (50%).  Most  frogs  were  infected  with  a  single  species;  mixed 
infections  included  three  frogs  with  two  species  and  two  frogs  with  three  species.  Total 
number  of  all  types  of  parasites  was  regressed  against  the  size  of  host  frogs  and  was 
found  to  be  signficant.  This  significance  resulted  from  the  number  of  digenetic  flukes 
which  was  greater  in  larger  frogs  and  not  the  number  of  nematodes.  With  the  exception 
of  C.  dukae  and  G.  quieta ,  all  helminths  found  in  R.  catesbeiana  represent  new  host 
records  in  Illinois. 


INTRODUCTION 

Little  information  is  available  on  the  helminth  parasites  of  bullfrogs  (Rana  catesbeiana ) 
in  Illinois  and  in  particular  from  bullfrogs  in  southern  Illinois.  Beaver  (1929)  reported 
Allas  so  stomoides  parvus  from  bullfrogs  taken  northeast  of  Urbana,  Illinois.  Walton 
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(1929)  recorded  Cosmocercoides  dukae  from  bullfrogs  in  the  Mississippi  basin,  ranging 
from  Wisconsin  south  to  Louisiana,  and  Falcaustra  catesbeiam  from  bullfrogs  in 
Illinois,  Oklahoma,  and  Louisiana.  Miller  (1930)  reported  Glypthelmins  quieta  from 
bullfrogs  near  Urbana.  The  present  study  was  conducted  to  add  to  our  knowledge  of  the 
helminths  in  bullfrogs  from  southern  Illinois.  In  addition,  a  checklist  of  the  helminths 
of  bullfrogs  in  North  America  is  included. 

STUDY  SITES 

Two  study  sites  in  southern  Illinois,  one  in  Union  county  and  the  other  in  Jackson 
county,  were  sampled  for  bullfrogs.  The  LaRue-Pine  Hills  Ecological  area  occupies 
nearly  2000  acres  in  northwest  Union  County,  Illinois  (Fig.  1).  This  federally  protcted 
area  comprises  a  spring-fed  bald  cypress  swamp  and  limestone  bluffs  that  reach  350  feet 
above  the  adjacent  swamp.  The  lowland  swamp  area  is  classified  as  the  Austroriparian 
Division,  the  northernmost  extension  of  the  Gulf  Coastal  Plain  in  the  Missisippi  River 
drainage  basin,  and  the  bluff  and  rock  outcrop  regions  as  the  Shawnee  Hills  Division, 
which  is  characterized  by  fast,  clear  streams  and  springs  (Smith,  1961). 

The  other  area  sampled  was  a  small  pond  formed  by  flooding  of  the  Big  Muddy  River 
onto  a  forested  lowland  3.2  miles  north  of  Carbondale  in  east-central  Jackson  County. 

MATERIALS  AND  METHODS 

Thirty-one  bullfrogs  were  collected  from  the  La-Rue  Pine  Hills  Ecological  Area  from 
September  5  to  November  18,  1990  and  two  from  the  small  flood  pond  of  the  Big 
Muddy  River  on  October  8,  1990.  All  frogs  were  euthanized  before  their  external  surface 
were  examined  for  ectoparasites  and  their  total  length  (nose  to  cloaca)  measured.  They 
were  then  dissected  and  their  sex  determined.  The  coelom,  heart,  lungs,  stomach, 
intestine,  liver,  gall  bladder,  and  urinary  bladder  were  examined  for  helminths.  Digeneans 
were  fixed  in  warm  AFA  with  light  coverglass  pressure,  stained  in  Harris'  hematoxylin, 
dehydrated,  cleared  in  beechwood  creosote  and  mounted  in  Canada  balsam.  Nematodes 
were  fixed  in  hot  glycerin-alcohol  (nine  parts  70%  ethanol  and  one  part  glycern)  and 
cleared  for  study  in  glycerin. 

Voucher  specimens  of  helminths  were  deposited  in  the  United  States  National  Museum 
Helminthological  collection  (USNM  Helm.  Coll.)  as  numbers  82012-82018. 

Voucher  specimens  of  R.  catesbeiana  have  been  deposited  in  the  herpetological  collection 
of  Southern  Illinois  University  at  Carbondale  and  assigned  accension  numbers  H-3830 
through  H-3850,  H-3932  through  H-3941,  H-3946,  and  H-3947. 

Pearson  correlations  and  ANOVA  were  conducted  only  on  frogs  collected  in  the  LaRue- 
Pine  Hills  ecological  area  (SAS  Institute,  1990).  Alpha  was  set  at  0.05  for  all  analyses. 

RESULTS 

Of  the  31  bullfrogs  examined  from  the  La-Rue  Pine  Hills  Ecological  Area,  19  were 
infected.  A  total  of  174  helminths  including  105  digenetic  flukes  and  69  nematodes  were 
detected.  In  addition,  10  larval  nematodes  were  collected  from  various  organs  in  five 
frogs.  Four  species  of  digeneans  were  identified:  Haematoloechus  breviplexus, 
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Megalodiscus  temperatus,  Gorgodera  amplicava  and  Gorgoderina  attenuata .  Other 
helminths  detected  included  the  nematodes  Cosmocercoides  dukae  and  a  single  female 
specimen  of  Cainallanus  which  could  not  be  identified  to  species.  Two  bullfrogs 
collected  from  a  small  flood  pond  of  the  Big  Muddy  River  were  infected  with 
Glypthelmins  quieta,  Gorgoderina  attenuata  and  Cosmocercoides  dukae .  Neither 
monogenetic  flukes,  tapeworms,  nor  acanthocephalans  were  detected  in  frogs  from  either 
locality. 

Megalodiscus  temperatus  had  the  highest  level  of  prevalence  of  any  of  the  helminths 
detected  in  frogs  from  the  La-Rue  Pine  Hills  Ecological  Area  (Table  1).  The  level  of 
prevalence  was  50%  for  each  of  the  three  helminths  in  the  two  frogs  from  the  flood  pond 
of  the  Big  Muddy  Rivr. 

Most  bullfrogs  were  infected  with  a  single  species  of  parasite  (Table  2;  Fig.  2).  Three 
frogs  had  a  parasite  mix  of  two  species:  one  with  H.  breviplexus  and  M.  temperatus ,  one 
with  M.  temperatus  and  G.  amplicava ,  and  one  with  M.  temperatus  and  C.  dukae.  Two 
frogs  exhibited  a  parasite  mix  of  three  species,  one  with  H.  breviplexus ,  M.  temperatus 
and  C.  dukae  and  the  other  with  H.  breviplexus ,  M.  temperatus  and  Camallanus  sp.  (Fig. 
2). 

The  prevalence  of  helminths  in  the  19  male  and  12  female  R.  catesbeiana  from  the  La- 
Rue  Pine  Hills  Ecological  Area  is  compared  in  Table  3.  Analyses  of  variance  (ANOVA) 
were  conducted  to  determine  if  a  significant  difference  existed  between  male  and  female 
frogs  for  the  total  number  of  parasites  present,  total  number  of  digenetic  flukes,  total 
number  of  nematodes,  and  total  number  of  parasite  species.  The  size  of  male  and  female 
bullfrogs  did  not  differ  significantly  and  was  not  a  confounding  factor.  There  was  no 
significant  differnce  between  males  and  females  in  number  of  parasites  (Fj  29=1.4219, 
P>0.2428),  size  of  males  and  females  (Fj  29=0.0250,  P>0.8755),  total  number  of 
digenetic  flukes  (Fj_  29=0.0097,  P>0.9222),  total  number  of  nematodes  (Fii29=2-5034, 
P>0.1245),  and  total  number  of  parasite  species  (Fj  29=0.1563,  P>0.6955). 

The  month  frogs  were  collected  was  tested  against  the  total  number  of  parasites  found  in 
the  frogs  and  was  found  to  be  significant  (F2  28=6.5444,  P<0.0047).  The  months  were 
then  run  against  each  other  to  determine  which  months  were  significantly  different. 
September  was  significantly  higher  in  parasite  load  from  October  (Fj  28=8.9626, 
P<0.0057)  and  November  (F i  i28=8.8807,  P<0.0059).  October  and  November  were  not 
significantly  different  from  each  other  (F|  28=0.2386,  P>0.6290). 

Size  of  frogs  ranged  from  65  to  1 15  mm  with  a  mean  of  85.387  mm.  The  size  of  frogs 
were  tested  against  the  month  of  collection  and  were  found  not  to  be  significant 
(F2i28=2.2208,  P>0.1273). 


The  total  number  of  all  types  of  parasites  collected  was  regressed  against  the  size  of  the 
frog  hosts  and  was  found  to  be  significant.  This  significance  was  due  to  the  total 
number  of  digenetic  flukes  (Fj  28=6.4665,  P<0.0168)(Fig.  3).  The  total  number  of 
digenetic  flukes  regressed  against  the  size  of  the  frog  hosts  was  highly  significant 
(Fi  29=21.567,  PcO.OOOl).  In  contrast,  the  total  number  of  nematodes  regressed  against 
the  size  of  the  frog  host  was  not  significant  (Fj  29=2.9846,  P>0.0947)(figs.  4  and  5). 
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DISCUSSION 

The  specimens  identified  as  Megalodiscus  temperatus  showed  variabilty  in  the  length  of 
the  intestinal  caeca.  Some  of  the  lengths  of  the  intestinal  caeca  matched  the  description 
of  Megalodiscus  rankini  by  Bravo  Hollis  (1941).  Variability  in  length  of  intestinal 
caeca  was  dispersed  throughout  infections  of  the  parasites  with  no  segregation  and  it  is 
therefore  our  opinion  that  all  specimens  collected  were  M.  temperatus.  More  work  on 
the  status  of  these  species  is  suggested  due  to  the  variability  in  this  key  character. 

With  the  exceptions  of  Glypthelmins  quieta  and  Cosmocercoides  dukae ,  the  parasites 
collected  during  this  study  have  not  been  previously  reported  from  bullfrogs  in  Illinois. 
Many  of  the  parasites  collected  have  been  reported  from  bullfrogs  in  states  neighboring 
Illinois  (Lank,  1971;  Ulmer,  1970;  Bennett,  1938;  Goodchild,1948;  Goodchild,  1950; 
Jinks  and  Johnson,  1971).  Appendix  I  is  a  list  of  known  locality  information  for 
helminth  parasites  of  bullfrogs. 

The  female  Camallanus  sp.  (nematode)  is  the  first  report  of  this  genus  from  amphibians 
in  the  United  States.  Camallanus  sp.  have  been  found  in  bullfrogs  from  South  Africa 
and  a  specimen  that  died  while  at  the  London  Zoo  (Kung,  1948).  The  bullfrog  at  the 
London  Zoo  was  collected  in  North  America,  although  Kung  did  not  state  the  amount  of 
time  that  it  had  lived  at  the  London  Zoo.  The  genus  is  documented  from  fish  in  the 
United  States  (Petter,  1979)  and  may  be  an  incidental  parasite  in  amphibians. 

Male  and  female  frog  hosts  were  not  significantly  different  in  size  and  were  not 
significantly  different  for  total  number  of  parasites,  total  number  of  digenetic  flukes, 
total  number  of  nematodes,  or  total  number  of  parasite  species.  This  would  indcate  that 
none  of  the  parasites  found  are  better  adapted  to  one  sex  over  the  other. 

Pearson  correlations  were  not  significant  for  frog  host  sizes  compared  to  total  number  of 
parasites,  total  number  of  nematodes,  or  total  number  of  parasite  species.  Pearson 
correlations  were  significant  for  frog  host  sizes  compared  to  total  number  of  digenetic 
flukes.  This  would  indicate  that  digenetic  flukes  are  better  adapted  to  larger  host  frogs, 
and  nematodes  have  no  adaptations  to  one  size  over  any  other  size.  The  digenetic  flukes 
adaptation  to  larger  hosts  appears  not  enough  to  skew  the  correation  of  the  combination 
of  nematodes  and  digeneans. 

The  regression  of  the  total  number  of  parasites  plotted  on  the  size  of  the  frog  hosts  (Fig. 
3)  shows  that  smaller  and  larger  frogs  harbor  significantly  more  parasites  than  the 
middle-sized  frogs.  The  regression  of  the  total  number  of  digenetic  flukes  plotted  on  the 
size  of  the  frog  hosts  (Fig.  4)  shows  that  there  is  a  significant  positive  correlation 
between  size  of  frog  host  and  number  of  digenetic  flukes.  Figure  5  shows  the  regression 
of  the  total  number  of  nematodes  plotted  on  the  size  of  the  frog  host.  The  regression 
was  not  significant,  although  it  may  be  an  indicator  of  why  the  significant  cubic  (x3) 
result  for  the  regression  of  the  total  number  of  all  parasites  plotted  on  the  size  of  the  frog 
(Fig.  3)  occurred. 

The  month  of  collection  compared  to  total  number  of  parasites  found  in  the  frog  hosts 
was  significant.  The  month  of  September  was  significantly  higher  for  number  of 
parasites  collected  than  October  and  November.  A  possible  reason  for  the  significane  of 
the  month  of  collection  may  be  that  a  cold  period  occurred  in  October.  This  cold  period 
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may  have  forced  the  parasitized  frogs  into  hibernation  and  the  more  robust  unparasitized 
frogs  to  stay  active.  The  size  of  frogs  collected  during  the  three  diffrent  months  of 
collection  were  not  significantly  different. 

A  longer  period  of  collection  with  more  frog  hosts  would  be  valuable  to  add  to  the 
findings  of  this  study.  From  the  results  given  here,  it  might  be  expected  that  more 
helminth  parasites  would  be  collected  during  the  summer  months. 
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Table  1.  Helminths  detected  in  31  Rana  catesbeiana  from  the  La-Rue  Pine  Hills 
Ecological  Area  of  southern  Illinois. 


Parasite 

Location 
in  Host 

Prevalence 

Total  # 
Present 

Mean  # 

/  Host 

Range 
in  Host 

Haematoloechus  breviplexus 

lung 

12.9 

20 

5.0(N=4) 

1-8 

Megalodiscus  temperatus 

intestine 

29.0 

32 

3.6(N=9) 

1-11 

cloaca 

Gorgodera  amplicava 

bladder 

12.9 

46 

1 1.5(N=4) 

1-27 

Gorgoderina  attenuata 

bladder 

2.9 

7 

7.0(N=1 

- 

Cosmocercoides  dukae 

intestine 

22.6 

68 

9.7(N=7) 

1-30 

Camallanus  sp. 

intestine 

3.2 

1 

1.0(N=1) 

- 

TOTALS 

61.3 

174 

1-30 

Table  2.  Number  of  parasitic  infections  in  Rana  catesbeiana  from  the  LaRue-Pine  Hills 
Ecological  Area  of  southern  Illinois. 

Infection 

Prevalence  of  Parasitism 

Sexes  Combined  Male  Female 

(N=31)  (N=19)  (N=12) 

Single  Infection 

45.2 

52.6 

33.3 

Mixed  Infection 

16.1 

10.5 

25.0 

Double  Infection 

9.7 

5.3 

16.7 

Triple  Infection 

6.4 

5.3 

8.3 

Combined  Infections 

61.3 

63.1 

58.3 

(Single  and  Mixed) 


Table  3.  Prevalence  of  parasitism  in  male  and  female  Rana  catesbeiana  from  LaRue-Pine 
Hills  Ecological  Area  in  southern  Illinois. 


Prevalence  of  Parasitism 
Sex  of  Host 

Parasite  Male  (N=  1 9)  Female  (N=  1 2) 


Haematoloechus  breviplexus 

10.0 

16.7 

Megalodiscus  temperatus 

31.6 

25.0 

Gorgodera  amplicava 

15.8 

8.3 

Gorgoderina  attenuata 

0.0 

8.3 

Cosmocercoides  dukae 

21.1 

25.0 

Camallanus  sp. 

0.0 

8.3 
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Figure  1. 


Vicinity  of  the  La-Rue  Pine  Hills  Ecological 
area,  Union  County,  Illinois  (USGS  7.5- 
minute  topographic  map,  Wolf  Lake,  Ill. -Mo. 
quadrangle) ,  showing 


catesbeiana .  Insert 
of  Pine  Hills  within 


areas  sampled  for  Rana 
map  shows  the  location 
the  state  of  Illinois. 


I 
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0  12  3  4 

NO.  OF  PARASITIC  SPECIES 


Figure  2.  Number  of  Rana  catesbeiana  that  harbored  from  0  to  3  different  parasite 
species. 


TOTAL  NUMBER  OF  PARASITES 


Figure  3.  Regression  of  the  total  number  of  parasites  collected  plotted  on  the  size  of  the 
Rana  catesheiana  host  (Fj  28  =  6.4665,  P<0.0168). 


TOTAL  NUMBER  OF  DI6ENET1C  FLUKES 
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Figure  4.  Regression  of  the  total  number  of  digenetic  flukes  plotted  on  the  size  of  the 
Rana  catesbeiana  host  (F129  =  21.567,  PcO.OOOl). 
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Figure  5.  Regression  of  the  total  number  of  nematodes  plotted  on  the  size  of  the  Rana 
catesbeiana  host  (F1?29  =  2.9846,  P>0.0947). 


Appendix  I;  Checklist  of  the  Helminth  of  Bullfrogs  in  North  America 
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Higher  Efficiency  of  Pitfall  Traps  in 
Capturing  Three  Shrew  Species  for 
Analysis  of  Diet  and  Habitat 


L.D.  Blackburn 
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8025  North  Point  Boulevard,  Suite  100 
Winston-Salem,  North  Carolina,  27106. 
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Department  of  Zoology 
Eastern  Illinois  University 
Charleston,  IL  61920 


ABSTRACT 

An  investigation  to  evaluate  relative  utility  of  pitfall  versus  snap-traps  for  censusing 
several  shrew  species  of  east-central  Illinois  was  undertaken,  as  well  as  a  study  to  assess 
diet  and  habitat  preference.  Traps  were  set  for  shrews  in  51  locatios  in  Coles  and  Edgar 
Counties,  Illinois,  from  May  1987  to  April  1988.  A  total  of  5,880  trapnights  yielded 
26  Cryptotis  parva,  24  Blarina  brevicauda  and  21  Sorex  longirostris .  Results  show  no 
significant  difference  in  the  number  of  each  species  of  shrew  caught.  This  was  not 
determined  if  due  to  equal  distribution  or  smallness  of  sample  size.  Blarina  was  found  in 
the  widest  variety  of  habitats,  Cryptotis  was  abundant  in  old  fields  and  old  field-like 
habitats,  and  Sorex  was  found  primarily  in  wooded  areas.  Examination  of  stomach  and 
intestinal  contents  demonstrated  the  most  frequently  ingested  prey  of  all  three  species  was 
beetles.  Finally,  this  study  shows  the  advantage  of  using  pitfall  traps  rather  than  snap- 
traps  whn  evaluating  small  mammal  populations. 

INTRODUCTION 

Six  species  of  shrew  are  found  in  Illinois  with  four  present  in  east-central  Illinois  (Ellis 
et  al.,  1978;  Hoffmeister,  1989;  Hoffmeister  and  Mohr,  1972).  Short-tailed  shrews 
(. Blarina  sp.)  are  the  largest  species  of  shrew  in  Illinois;  it  has  been  well  studied  and  is 
considered  an  ubiquitous  species  (Blair,  1940;  Getz,  1961).  Least  shrews  ( Cryptotis 
parva),  found  in  old  field  and  old  field-like  habitats,  have  been  trapped  throughout  Illinois 
(Hoffmeister,  1989;  Hoffmeister  and  Mohr,  1972).  Although  Hoffmeister  (1989) 
reported  1 19  masked  shrews  ( Sorex  cinereus )  captured  in  Illinois,  they  are  restricted  to  the 
northern  third  of  the  state  with  the  exception  of  two  collections  taken  from  the  southern 
tip.  Habits  and  habitats  of  the  southeastern  shrews  (Sorex  longirostris )  and  the  pygmy 
shrews  (Sorex  hoyi )  are  less  well  understood,  because  only  a  few  individuals  have  been 
captured  in  Illinois  (Hoffmeister,  1989).  This  study  of  trapping  efficiencies,  species 
abundance,  habitats,  and  foods  of  shrews  in  east-  central  Illinois  was  undertaken  in  an 
effort  to  add  to  the  knowledge  about  shrews. 
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STUDYAREAS 

Pitfall  traps  were  set  for  shrews  at  5 1  locations  in  Coles  and  Edgar  Counties,  Illinois, 
from  27  May  1987  to  9  April  1988.  Habitats  at  the  sites  were  grouped  into  three  major 
categories:  coniferous  forest,  deciduous  forest,  and  non-forested  areas.  The  coniferous 
forest  habitats  consisted  of  white  pine  ( Pirns  strobus)  or  scotch  pine  ( P.  sylvestris ) 
plantations  of  different  ages.  The  young  plantations  (trees  <  3  m  tall)  contained  annual 
forbs  and  grasses  characteristic  of  old  field  succession.  Although  these  plantations  were 
often  mowed  between  the  rows,  foxtail  ( Setaria  sp.)  and  other  annuals  grew  around  trees 
and  along  rows  where  mowing  did  not  occur.  In  contrast,  the  ground  cover  in  older 
plantations  (trees  >  3  m  tall)  consisted  only  of  pine  needles. 

The  deciduous  forest  category  included  bottomland  and  upland  frests  of  various  ages. 
Bottomland  stands  were  characterized  by  silver  maple  {Acer  saccharitium),  cottonwood 
(Populus  deltoides )  and  box  elder  (A.  negundo).  There  was  little  ground  cover,  and  the 
dense  understory  was  predominated  by  stinging  nettle  (Urtica  gracilis)  and  poison  ivy 
{Toxicodendron  radicarts).  Upland  forests  consisted  of  younger  oak-hickory  stands  and 
more  mature  sugar  maple  {A.  saccharum )  forests.  Both  of  these  areas  featured  a  dense 
canopy  and  heavy  leaf  litter,  but  the  understory  in  younger  stands  was  limited,  while  the 
more  mature  woods  contained  an  understory  of  poison  ivy  and  Virginia  creeper 
{Parthenocissus  quinquefolia). 

A  variety  of  non-forested  habitats  were  also  trapped  including  three  stages  of  old  field 
succession,  pasture  lands,  drainage  ditches,  prairie  remnants,  and  edge  habitats.  The  early 
successional  stage  of  old  field  habitat  was  characterized  by  bareground  and  dominated  by 
annual  vegetation.  The  second  or  grass  stage,  however,  had  good  ground  cover, 
containing  blue  grass  {Poa  pratensis),  meadow  fescue  {Festuca  pratensis).  evening 
primrose  {Oenothera  biennis )  and  foxtail.  The  third  old  field  stage  was  a  brush  or  early 
forest  succession  stage.  Trees  in  this  stage  (diameter  at  breast  height  <  4.0  cm)  included 
American  elm  ( Ulmus  americanus),  cherry  {Primus  serotina ),  hawthorn  {Crataegus  sp.), 
and  sassafras  {Sassafras  albidum),  while  the  ground  cover  was  similar  to  the  grass  stage 
of  succession,  except  that  it  also  included  blackberry  {Rubus  allegeniensis ),  green  brier 
{Smilax  hispida ),  and  multiflora  rose  {Rosa  multiflora). 

Pasture  habitats  were  ungrazed  stands  of  fescue,  orchard  grass  {Dactylis  glomerata)  and 
brome  grass  {Bromus  inermis).  Other  vegetation  included  foxtail,  purple  top  {Tridens 
flavus ),  and  goldenrod  {Solidago  sp.).  All  pastures  were  uniform  and  unmowed  and  were 
bordered  by  cultivated  land  or  fence  rows. 

Drainage  ditches  had  steep  sides  (2-3  m  deep)  and  held  water  throughout  the  trapping 
period.  The  cover  was  thick  and  the  vegetation  was  diverse.  Forbs  present  included 
goldenrod,  small  ragweed  {Ambrosia  artimisiifolia)  and  giant  ragweed  {A.  trifida).  Reed 
canary  grass  {Phalaris  arundinacea)  was  the  sole  grass  at  one  location,  while  other  areas 
contained  Johnson  {Sorgum  halepense)  and  rice  {Leersia  oryzoides)  grasses. 

Prairie  remnants  were  also  botanically  diverse.  Ground  cover  was  thick  in  some  areas, 
but  sparse  in  others.  Representative  vegetation  included  big  bluestem  {Andropogon 
gemardi),  Queen  Anne's  lace  {Daucus  carota),  multiflora  rose,  and  meadow  fescue. 
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Finally,  edge  habitats  were  classified  as  either  fence  rows  or  roadside  edge.  Fence  rows 
were  further  divided  and  described  as  either  wooded  or  grassy.  Wooded  fence  rows  had  a 
dense  canopy  and  thick  ground  cover.  The  herbaceous  understory  included  brome  grass, 
goldenrod,  foxtail,  poison  ivy,  and  multiflora  rose.  Representative  trees  included  slippery 
elm  ( Ulmus  rubra),  American  ash  (Fraxinus  ameri cana),  hawthorn,  osage  orange 
{Maclura  pumifera),  white  oak  (Que reus  alba),  and  shingle  oak  ( Q .  imbricaria).  Grassy 
fence  rows  had  a  dense  ground  cover  consisting  of  blue  grass,  meadow  fescue,  and 
barnyard  grass  {Echinochloa  crusgalli ). 

Roadside  edge  habitats  were  grouped  as  grass,  areas  bordering  cultivated  fields,  or  areas 
bordering  forest  edge.  Ground  cover  was  dense  in  grassy  roadsides,  but  scarce  in  the 
roadsides  bordering  both  forest  and  cultivated  areas.  Representative  vgetation  found  in 
the  grass  areas  included  meadow  fescue,  brier,  goldenrod,  and  foxtail.  Roadsides  bordering 
cultivated  fields  contained  only  sparse  amounts  of  witch  grass  ( Panicum  capillare)  and 
foxtail;  those  bordering  the  forest  had  more  cover  with  goldenrod,  multiflora  rose,  poison 
ivy,  and  witch  grass  generally  predominating. 

MATERIALS  AND  METHODS 

Shrews  were  collected  in  each  habitat  with  pitfall  traps.  Pitfalls  were  2420  ml  plastic 
containers  20  cm  deep,  14  cm  in  diameter  at  the  top  and  tapering  to  12  cm  at  the  bottom. 
A  trap  line  consisted  of  10  pitfalls  buried  flush  with  the  ground  at  10  intervals.  No  bait 
was  used,  and  lines  were  set  for  five  trapnights  (TN)  and  checked  every  morning. 
Additionally,  we  recorded  the  types  of  non-woody  vegetation  present  along  the  trap  line. 
All  trees  within  a  10  m  radius  of  the  fifth  pitfall  trap  were  identified. 

The  standard  pitfall  trap  lines  were  modified  in  a  few  instances.  Four  lines  had  pitfall 
traps  in  combination  with  Museum  Special  snap-  traps  baited  with  peanut  butter.  Two 
of  these  trap  lines  had  100  snap-  traps  set  three  per  station  (four  at  the  last  station)  at  10 
m  intervals  with  pitfalls  buried  halfway  between  each  snap-trap  station.  The  other  two 
lines  each  had  20  snap-traps  set  with  two  at  each  station  followed  by  one  pitfall  trap 
halfway  between  the  stations.  These  lines  were  also  set  for  five  trapnights.  All 
Museum  Specials  were  reset  and  rebaited  as  needed.  Additionally,  two  other  pitfall  lines 
were  maintained  as  long-term  lines  by  adding  500  ml  of  isopropyl  alcohol  covered  with 
20  ml  of  glycerin  to  slow  evaporation.  These  lines  were  in  place  for  28  trapnights  and 
checked  once  a  week. 

All  shrews  were  identified  as  described  by  Hall  and  Kelson  (1959)  and  Hamilton  and 
Whitaker  (1979).  Study  skins  were  prepared  as  described  by  Mosby  and  Cowan  (1969). 
Cranial  measurements  were  taken  using  dial  calipers  and  were  carried  out  to  0.1  mm. 
The  skulls  and  skins  were  deposited  with  the  Department  of  Zoology,  Eastern  Illinois 
University. 

Stomachs  and  intestines  were  removed  from  all  shrews  and  preserved  in  5%  formalin. 
Food  items  were  separated  with  the  aid  of  a  dissecting  microscope,  and  the  frequency  of 
occurrence  and  volumetric  displacement  of  each  food  item  was  recorded  as  described  by 
Winded  (1970).  With  the  assistance  of  Michael  Goodrich,  Department  of  Zoology, 
Eastern  Illinois  University,  arthropod  material  was  identified  using  the  criteria  of  Borror 
et  al.  (1976).  Morisita's  index  (Colwell  and  Futuyma,  1971)  was  used  to  statistically 
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evaluate  the  amount  of  food  overlap  among  the  genera  of  shrews.  All  other  statistical 
procedures  followed  those  described  by  Schefler  (1980). 

RESULTS 

Fifty-one  areas  were  trapped  from  27  May  1987  to  14  December  1987  and  from  4  April 
1988  to  9  April  1988,  resulting  in  a  total  of  5,880  trapnights  (Table  1).  Ten  species  in 
nine  genera  were  represented  in  the  109  mammals  caught,  with  a  trap  success  of  0.0190 
mammals/TN.  Seventy-one  (65.1%)  of  the  109  mammals  were  shrews  belonging  to  one 
of  three  genera,  Blarina  brevicauda  (n=24),  Cryptotis  parva  (n=26)  and  So  rex  longirostris 
(n=21).  There  was  no  significant  difference  in  the  number  of  each  species  of  shrews 
captured  (x2=0. 535, df=2,0.90>p>0. 75).  Other  mammals  trapped  in  either  pitfalls  or 
Museum  Specials  included  17  Microtus  ochrogaster,  one  M.  pennsylvanicus ,  11 
Peromyscus  leucopus ,  four  Zapus  hudsonicus ,  two  Mus  musculus,  two  Synaptomys 
cooperi ,  and  one  Tatnias  striatus. 

While  snap-traps  accounted  for  2,100  trapnights  of  this  effort,  only  two  of  the  71  shrews 
trapped  (both  Blarina )  were  taken  in  snap-  traps.  Trap  analysis  demonstrated  the  superior 
effectiveness  of  pitfalls  versus  snap-traps  for  capturing  shrews  (x2=63.2,df=l,p<0.005). 

Fifteen  different  habitats  were  trapped  (Table  1).  Overall,  coniferous  forest  yielded  the 
lowest  percentage  of  shrews  (15.5%)  followed  by  deciduous  stands  (22.5%)  and  non- 
forested  areas  (62.0%).  The  difference  in  the  number  of  shrews  captured  in  these  general 
types  of  habitats  was  statistically  significant  (x2=36.055,df=2,p<0.005). 

The  only  habitat  which  supported  all  three  species  was  upland  deciduous  forest. 
Although  no  single  area  contained  all  three  species,  two  species  were  captured  in  eight 
habitats,  with  seven  of  these  eight  having  B.  brevicauda  in  combination  with  one  of  the 
other  species.  Cryptotis  parva  and  S.  longirostris  were  found  together  only  in  young 
coniferous  plantations.  Of  the  four  habitats  from  which  only  one  shrew  species  was 
collected,  three  were  stages  of  old  field  succession. 

Stomach  and  intestinal  contents  from  26  C.  parva ,  21  S.  longirostris  and  23  B. 
brevicauda  were  examined  (Table  2).  Total  volume  of  intestinal  samples  were  over  four 
times  larger  than  stomach  contents  (1.05  ml  in  stomachs,  4.25  ml  in  intestines). 
Intestinal  contents  contained  higher  volumes  of  undigestible  hard  material  such  as 
chitinous  exoskeletons  and  bone  fragments.  In  contrast,  stomach  samples  contained 
undigested  soft  foods  which  were  absent  or  unrecognizable  in  the  intestine.  For  example, 
annelids  represented  41.8%  of  the  total  stomach  volume,  but  the  digested  annelid  bodies 
were  not  identifiable  in  the  intestine.  Wings  of  dipterans,  lepidopterans  and  hemipterans 
were  also  found  only  in  stomachs.  Although  combining  stomach  and  intestinal  contents 
can  potentially  bias  results  toward  less  digestible  items,  this  procedure  was  chosen 
beause  of  the  very  low  total  volume  from  stomach  samples  relative  to  intestinal 
samples. 

As  can  be  seen  in  Table  2,  B.  brevicauda  had  more  categories  of  food  present  than  did  C. 
parva  or  S.  longirostris.  Animal  remains,  rather  than  plant  material,  was  dominant  in 
the  shrews  with  undifferentiated  soft  tissue  (UST)  being  present  in  both  the  greatest 
frequency  of  occurrence  and  percent  total  volume.  Beetles  were  the  most  frequently 
ingested  prey  making  up  11.3%,  16.3%  and  18.6%  of  the  total  volume  for  S. 
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longirostris,  B.  brevicauda ,  and  C.  parva,  respectively.  This  was  followed  by  mammals 
in  S.  longirostris,  annelids  in  B.  brevicauda  and  chilopods  and  arachnids  in  C.  parva . 
Ingested  in  lesser  frequencies,  but  represented  in  all  three  genera,  were  Diptera, 
Hymenoptera,  and  plant  material.  Morisita's  index  also  showed  a  strong  overlap  of  foods 
for  the  three  shrews  {Blanna-Cryptotis-99 .1%,  Blarina-Sorex=99 .9%,  Sorex- 
Cryptotis=99.6%).  Mammal  remains  were  present  in  14  of  the  shrews  trapped,  but  the 
percent  total  volume  was  low.  Both  bone  fragments  and  hair  were  present,  but  total 
volumes  were  small  because  hair  was  usually  not  present  in  measurable  amounts. 

DISCUSSION  AND  SUMMARY 

Standard  lines  of  snap-traps  set  for  a  given  length  of  time  were  long  considered  to  provide 
a  sample  of  small  mammal  populations  (Dice,  1941).  Snap-traps  alone,  however,  will 
not  provide  a  representative  sample  of  all  species.  Pitfall  traps  reduce  this  bias  (Brown, 
1967;  MacLeod  and  Lethiecq,  1963;  Rose,  1980;  Spencer  and  Pettus,  1966;  Tuttle, 
1964).  Because  this  was  not  a  study  of  all  small  mammals,  but  specifically  of  shrews, 
pitfall  trapping  was  emphasized.  The  results  of  this  study  suggests  that  pitfall  traps  were 
successful,  because  more  S.  longirostris  were  collected  in  this  study  (Table  1)  than  have 
been  previously  reported  in  earlier  studies  done  in  Illinois  (Clapp,  1985;  Hoffmeister, 
1989;  Hoffmeister  and  Mohr,  1972).  So  rex  longirostris  has  a  distribution  ranging 
approximately  over  the  southern  half  of  Illinois  (Hamilton  and  Whitaker,  1979; 
Hoffmeister,  1989).  The  total  number  of  these  shrews  previously  collected  within 
Illinois  consists  of  66  specimens  taken  from  12  counties,  two  of  wich  were  trapped  in 
Coles  County  (Clapp,  1985;  Hoffmeister,  1989;  Hoffmeister  and  Mohr,  1972).  In  this 
study,  21  S.  longirostris  were  collected  in  Coles  County  exclusively  using  pitfall  traps 
(Table  1).  In  fact,  the  pitfall  captures  of  S.  longirostris  were  not  statistically  different 
from  those  of  B.  brevicauda  and  C.  parva. 

This  investigation  also  confirms  previous  reports  about  the  habitat  of  Blarina  brevicauda. 
This  larger  shrew  is  generally  recognized  as  an  ubiquitous  species  (Blair,  1940;  Choate, 
1972;  Getz,  1961;  Hoffmeister  and  Mohr,  1972;  Wrigley  et  al.,  1979).  Getz  (1961)  and 
Wrigley  et  al.  (1979)  stated  that  the  type  of  vegetation  and  cover  had  no  influence  upon 
local  distribution  of  B.  brevicauda ,  and,  within  Illinois,  B.  brevicauda  has  been  reported 
to  inhabit  forest  floors,  forest  edges,  meadows  near  woods,  and  swampy,  brushy  habitats 
(Hoffmeister  and  Mohr,  1972).  As  stated  previously,  data  from  this  study  show  similar 
results. 

In  contrast  to  the  well-studied  B.  brevicauda ,  however,  habitat  requirements  and 
distribution  of  C.  parva  and  S.  longirostris  are  less  well  described  (perhaps  due,  at  least 
in  part,  to  fewer  numbers  of  these  species  being  collected).  Sorex  longirostris  has  been 
found  in  forest  and  old  fields  in  Indiana  (Rose,  1980)  and  in  fence  rows,  deciduous  forest, 
old  field  and  open  field  habitats  in  Tennessee  (Tuttle,  1964).  We  found  S.  longirostris  to 
be  primarily  associated  with  forest  habitats:  bottomland  deciduous  forest,  roadside  edge 
bordering  a  forest,  and  wooded  fence  rows.  Two  specimens  were  also  found  in  a  young 
coniferous  plantation  which  was  located  near  a  deciduous  stand.  Most  habitats  in  which 
these  shrews  were  reported  tended  to  be  moist,  and,  at  least  in  Illinois,  the  southeastern 
shrew  seems  to  avoid  drier  habitats  such  as  old  field,  pasture  and  prairie  remnants. 

Cryptotis  parva  has  been  reported  to  occupy  a  diverse  range  of  habitats  (Clapp,  1985; 
Hoffmeister,  1989;  Hoffmeister  and  Mohr,  1972),  but  is  primarily  associated  with  upland 
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old  fields  (Andrews,  1974;  Rose  and  McKean,  1980).  It  was  not  surprising,  therefore, 
that  C.  parva  was  collected,  in  this  study,  in  habitats  that  were  old  field  or  similar  to  old 
field  (Table  1).  Nine  specimens  were  collected  in  a  young  coniferous  plantation. 
However,  the  vegetation  between  pine  tree  rows  and  within  mowed  rows  of  these 
plantations  consisted  of  grasses  and  annual  weeds  much  like  old  fields.  This  vegetational 
overlap  is  also  evident  in  the  grassy  fence  rows  and  grassy  roadside  edge  habitats. 

Blarina  brevicauda  has  often  been  reported  in  association  with  other  species  (Dueser  and 
Shugart,  1978),  and  in  this  study,  it  was  collected  with  both  C.  parva  and  S. 
longirostris.  This  is  not  surprising  given  the  broad  habitat  base  of  B.  brevicauda  and  the 
fact  that  shrews  have  shown  a  sympatric  coexistence  of  up  to  six  species  (Spencer  and 
Pettus,  1966;  Wrigley  et  al.,  1979)  without  apparent  adverse  effects  of  niche  overlap 
(Getz,  1961).  Niche  separation  plays  a  significant  role  in  small  mammals  distribution 
(Dueser  and  Shugart,  1978)  and,  therefore,  use  of  different  habitats  reduces  competition 
(Zegers  and  Ha,  1981).  However,  the  two  smaller  shrews  were  trapped  together  only  in  a 
young  coniferous  plantation  and  upland  deciduous  forest  (Table  1),  suggesting  that 
smaller  shrews  may  have  a  greater  niche  overlap  with  each  other  than  either  of  them  do 
with  the  larger  Blarina.  The  99%  dietary  overlap  of  the  three  shrews  found  in  this  study 
suggests  significant  niche  overlap,  but  it  is  quite  possible  that  there  is  less  overlap  of 
foods  than  these  data  indicate.  For  example,  beetles,  which  are  the  largest  order  of  insect 
(Boror  et  al.,  1976),  were  the  most  frequently  ingested  prey.  Hence,  each  species  of 
shrew  could  be  feeding  upon  different  taxa,  and  because  shrews  chew  their  food  finely 
(Hamilton,  1930),  distinguishing  within  lower  taxonomic  levels  would  be  more  difficult 
from  analysis  of  stomach  and  intestinal  contents. 

Results  of  the  analysis  of  stomach  and  intestinal  contents  suggest  that  animal  matter  is 
the  dominant  food  item  for  the  shrews,  with  beetles  making  up  the  greatest  volume  of 
ingested  prey.  While  plant  material  also  was  present  in  all  three  species  of  shrews,  the 
amount  measured  suggests  that  it  was  a  secondary  consequence  of  foraging  for  insects. 
This  wide  array  of  possible  foods  allows  the  shrews  to  inhabit  a  variety  of  habitats. 

Finally,  shrews  were  not  collected  at  some  locations  that  appeared  to  be  suitable  habitats. 
Isolation  of  habitats  may  restrict  the  movement  of  shrews  (Adams  and  Geis,  1983)  and 
may  explain  the  absence  of  shrews  in  several  habitats.  For  example,  drainage  ditches 
possessed  suitable  food,  cover  and  water,  yet  no  shrews  were  collected  in  this  habitat. 
This  may  be  due  to  a  lack  of  access  to  these  habitats  from  areas  which  contain  shrews. 
Studies  on  movements  of  shrews  and  their  microhabitat  requirements  need  to  be  evaluated 
more  thoroughly  to  determine  reasons  for  the  absence  of  shrews  in  suitable  habitats. 
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Table  1 :  Habitat  subdivisions  and  shrew  captures 


HABITAT 

N 

n 

TN  Bb  Cp  SI 

TOTAL  SHREWS/TN 

Coniferous  Forest 


A.<  3m  tall 

4 

65 

1155* 

0 

9 

2 

11 

0.0095 

B.>  3m  tall 

1 

10 

50 

0 

0 

0 

0 

0.0000 

Deciduous  Forest 

A.  Bottomland 

3 

30 

160 

4 

0 

7 

11 

0.0688 

B. Upland 

11 

132 

2765** 

3 

1 

1 

5 

0.0018 

Non-Forest 

A. Pasture 

5 

50 

250 

2 

1 

0 

3 

0.0120 

B.Old  Field 

1.  Annuals 

2 

20 

100 

0 

1 

0 

1 

0.0100 

2.Grass 

2 

20 

100 

0 

9 

0 

9 

0.0900 

3.Brush 

2 

20 

100 

1 

0 

0 

1 

0.0100 

C. Drainage  Ditch 

4 

40 

200 

0 

0 

0 

0 

0.0000 

D. Prairie  Remnant 

4 

40 

200 

0 

0 

0 

0 

0.0000 

E.Fence  Row 

1.  Wooded 

5 

50 

300 

8 

0 

7 

15 

0.0500 

2.  Grass 

2 

40 

200 

4 

2 

0 

6 

0.0300 

F.Roadside 

1  .Forest  edge 

1 

10 

50 

2 

0 

4 

6 

0.1200 

2. Cultivated  edge 

1 

10 

50 

0 

0 

0 

0 

0.0000 

3. Grass 

4 

4Q 

2QQ 

a 

2 

Q 

2 

0.0150 

TOTAL 

51 

577 

5880 

24 

26 

21 

71 

N  =  number  of  traplines  per  habitat 
n  =  number  of  pitfall  traps  per  habitat 
TN  =  number  of  trapnights 
Bb  =  Blarina  brevicauda 
Cp  =  Cryptotis  parva 
S  l  =  So  rex  longirostris 

*  =  some  lines  were  set  for  long-term,  thus  the  large  TN  total 

*  *  =  TN  includes  2000  snap  nights 
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Table  2:  Analysis  of  stomach  and  intestine  samples 


Blarina 

Cryptotis 

So  rex 

rUUL'O 

Freq 

Vol(%) 

Freq 

Vol(%) 

Freq 

Vol(%) 

Animal  Material 

60 

99.4 

51 

100.0 

48 

98.6 

Arthropoda 

Chilopoda 

2 

2.8 

1 

4.1 

0 

- 

Insecta 

Coleoptera 

13 

16.3 

11 

18.6 

9 

11.3 

Orthoptera 

Blattidae 

1 

1.1 

0 

- 

0 

- 

Hymenoptera 

Formicidae 

4 

0.6 

1 

1.0 

1 

1.4 

Diptera 

1 

+ 

1 

+ 

2 

+ 

Hemiptera 

0 

- 

1 

+ 

0 

- 

Homoptera 

0 

- 

3 

+ 

0 

- 

Lepidoptera 

Adult 

1 

+ 

0 

- 

0 

- 

Larval 

1 

0.3 

0 

- 

0 

- 

Unidentified 

6 

0.6 

2 

+ 

8 

1.4 

Arachnida 

Spiders 

1 

+ 

1 

4.1 

4 

1.4 

Annelida 

Oligochaeta 

2 

7.5 

1 

1.0 

0 

- 

Chordata 

Mammalia 

5 

3.0 

4 

1.0 

3 

7.0 

UST 

23 

67.4 

25 

70.1 

21 

76.1 

Plant  Material 

6 

+ 

5 

+ 

2 

1.4 

Inorganic  Material 

4 

Q 

— 

4 

+ 

TOTAL 

70 

100.2 

56 

99.9 

54 

100.0 

Freq  =  frequency  of  occurrence  (#  of  observations  of  this) 
Vol  =  percent  total  volume 
+  =  denotes  a  trace  in  the  sample 
-  =  denotes  that  it  was  absent 
UST  =  undifferentiated  soft  tissue 
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ABSTRACT 

Three  blue  marlins,  Makaira  nigricans,  collected  from  coastal  waters  of  southwestern 
Puerto  Rico  in  the  vicinity  of  La  Parguera,  and  one  collected  from  Desecheo  Island,  were 
infected  with  a  capsalid  monogenean  identified  as  Tristomella  laevis .  One  white  marlin, 
Tetrapturus  albidus ,  collected  off  La  Parguera,  was  also  infected  with  this  parasite.  This 
constitutes  the  first  report  of  this  monogenean  in  Puerto  Rico.  This  report  and  previous 
records  suggest  that  Tristomella  laevis  is  a  more  common  monogenean  of  marlins  than 
previously  thought. 

While  major  contributions  to  our  knowledge  of  the  digeneans  of  marine  fish  of  Puerto 
Rico  stem  from  the  early  studies  of  Cable  (1954  a,b,  1956  a,b),  Le  Zotte  (1954),  Siddiqi 
and  Cable  (1960),  and  more  recently,  Dyer  et  al.  (1985,  1986),  little  is  known 
concerning  the  monogeneans  of  marine  fish  of  that  region.  The  present  report  is 
concerned  with  a  capsalid  monogenean  found  on  the  blue  marlin,  Makaira  nigricans 
Lacepede,  1803,  and  the  white  marlin,  Tetrapturus  albidus  Poey,  1860,  of  the  family 
Istiophoridae.  Both  species  are  distributed  throughout  the  tropical  and  subtropical  waters 
of  the  Atlantic  Ocean.  The  blue  marlin  strays  northward  at  least  to  the  Gulf  of  Maine, 
and  is  densely  distributed  throughtout  the  Gulf  of  Mexico,  the  Caribbean  Sea,  and 
throughout  the  Brazilian  Current,  while  the  white  marlin  strays  northward  to  Nova 
Scotia  and  is  densely  distributed  off  Florida  throughout  the  Caribbean  Sea,  and  along  the 
Brazilian  coast  to  Argentina.  Both  species  are  of  commercial  value  and  provide  excellent 
food.  They  are  caught  mainly  with  longlines  (commercial  fishing  boats)  and  by  trolling 
(sportsfishermen)  (Fischer  1978). 
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MATERIALS  AND  METHODS 

Three  Makaira  nigricans,  collected,  between  April,  1975  and  May,  1975  off  the 
southwestern  coast  of  Puerto  Rico  at  La  Pargeura  and  one  collected  on  October,  1977 
about  15  miles  off  the  northwestern  coast  of  Puerto  Rico  at  Desecheo  Island,  were 
examined  for  parasites.  A  single  Tetrapturus  albidus  captured  in  December,  1976,  was 
also  examined.  Areas  examined  for  monogeneans  included  the  skin,  fins,  buccal  cavity, 
and  opercular  cavity.  All  capsalid  monogeneans  were  fixed  in  10%  formalin.  Some  were 
stained  in  either  Harris'  hematoxylin  or  Mayer's  acid  carmulum,  dehydrated,  cleared  in 
beechwood  creosote,  and  mounted  in  Canada  balsam.  Other  specimens  were  mounted 
directly  in  glycerine  jelly.  Voucher  specimens  have  been  deposited  in  the  United  States 
National  Museum  (USNM)  Helminthological  Collection,  Beltsville,  Maryland,  and 
designated  No.  81999  -  82003. 

RESULTS  AND  DISCUSSION 

Of  1,355  fish  representing  78  families,  158  genera,  and  73  species  collected  from  the 
coastal  waters  of  Puerto  Rico  and  Mona  and  Desecheo  Islands  between  April,  1974,  and 
August,  1990,  and  examined  for  parasites,  only  marlins  were  found  infected  with  the 
capsalid  monogenean  Tristomella  laevis  (Verrill,  1875)  Guiart,  1938.  Three  blue 
marlins,  Makaira  nigricans ,  taken  off  La  Parguera,  were  infected  with  7,  3,  and  10 
specimens  of  T.  laevis ;  one  M.  nigricans,  caught  off  the  coast  of  Desecheo  Island  was 
also  infected  with  2  specimens  of  this  parasite.  In  addition,  one  white  marlin, 
Tetrapturus  albidus ,  taken  in  the  vicinity  of  Enrique  reef,  La  Parguera,  was  found  infected 
with  9  specimens  of  T.  laevis. 

Tristomella  laevis  [syn.  Tristoma  laeve  Verrill,  1875;  Tristomum  histiophori  Bell,  1891; 
Tristomum  laeve  var.  armaia  Goto,  1900;  Capsala  laevis  (Verrill,  1875)  Johnston,  1929; 
Tristomella  laeve  (Verrill,  1875)  Guiart,  1938]  has  been  reported  previously  from  marlins 
and  other  marine  fish  from  several  geographic  areas.  This  monogenean  was  described  by 
Verrill  (1875)  from  specimens  found  on  Tetrapturus  albidus  taken  off  Block  Island,  Rhode 
Island,  U.S.A.  It  was  subsequently  reported  from  the  black  marlin,  Makaira  indica 
(Curier),  of  Madras,  India,  by  Bell  (1891).  Price  (1938)  listed  "  'dorado',  probably 
Coryphaena  hippurus  Linnaeus",  from  Ilha  Victoria,  Sao  Paulo,  Brazil,  as  a  host  of 
Tristomella  laevis.  Although  Linton  (1940)  listed  the  swordfish,  Xiphias  gladius 
Linnaeus,  from  Woods  Hole,  Massachusetts,  U.S.A.,  as  a  host,  we  concur  with  Lawler 
(1981)  that  this  could  be  an  error  and  that  the  swordfish  could  be  a  host  for  the 
monogenean  Tristoma  caccineum  Cuvier,  1817  or  Tristoma  integrum  Diesing,  1850. 
Tetrapturus  lessonae  Canestrini  {-Tetrapturus  albidus)  from  Concarneau  (Finistere), 
France,  was  recorded  as  a  host  by  Dollfus  (1949).  Later,  Pritchard  (1961)  reported 
Istiompax  marlina  (Jordan  and  Hill)  [=  Makaira  indica  (Cuvier)]  captured  60  miles  WSW 
of  Cape  Recife,  South  Africa,  also  as  a  host. 

The  finding  of  Tristomella  laevis  in  Makira  nigricans  and  Tetrapturus  albidus  from  La 
Parguera  and  Desecheo  Island  constitutes  the  first  report  of  this  monogenean  from  Puerto 
Rico.  This  report  and  previous  records  suggest  that  T.  laevis  is  a  more  common  parasite 
of  marlins  than  previously  thought. 
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ABSTRACT 

The  relative  abundance  and  distribution  of  amphibians  and  reptiles  was  surveyed  in  50 
preserves  within  the  Forest  Preserve  District  of  DuPage  County,  Illinois  and  at  a  number 
of  other  natural  areas  remaining  in  DuPage  County  from  1987  through  1991.  Loss  of 
habitat  and  introduction  of  non-native  species  have  contributed  to  changes  in  community 
composition,  distribution,  and  relative  abundance  of  the  DuPage  County  herpetofauna. 
Forty-one  species  (17  amphibians,  24  reptiles)  are  known  or  suspected  to  occur  in 
DuPage  County. 

1)  Thirteen  amphibian  and  nineteen  reptile  species  were  found  to  be  extant  in  DuPage 
County,  Illinois. 

2)  Because  of  restricted  occurrence,  or  low  numbers  of  individuals  found  during  surveys, 
19  species  (48.7%)  are  now  considered  rare  or  uncommon.  Eight  (19.5%)  widely 
distributed  species  usually  found  in  numbers,  are  fairly  common  or  common.  Four 
species  (9.8%)  are  considered  abundant. 

3)  Nine  species  located  during  surveys  were  not  reported  from  DuPage  County  by  Smith 
(1961). 

4)  Five  of  the  12  turtles  (9  species,  12  subspecies),  or  41.7%  of  the  turtle  fauna  found 
during  our  surveys  are  believed  to  be  introduced. 

5)  Five  species  reported  previously  from  DuPage  County  were  not  located  during 
surveys. 

6)  Four  amphibian  and  reptile  species  not  found  prior  to,  or  during  surveys,  are 
considered  to  be  of  possible  occurrence  in  DuPage  County. 
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INTRODUCTION 

DuPage  County  (546  km2)  located  in  northeastern  Illinois,  has  a  temperate  climate.  The 
eastern  border  of  the  county  is  located  approximately  24  km  west  of  downtown  Chicago. 
White  settlement  began  in  DuPage  County  during  1832  and  by  1857  the  county  was 
claimed  for  settlement  and  transformed  into  an  agrarian  county  of  about  9,000  people 
(Lampa,  1984).  A  population  of  nearly  782,000  occupied  this  rapidly  urbanizing  county 
by  1990. 

DuPage  County  exhibits  only  marginal  variation  in  topography.  Seven  major  moraines 
transect  the  county  from  north  to  south.  These  moraines  were  formed  as  the  remnants  of 
the  Wisconsin  Glacier  receded  in  an  easterly  direction,  toward  the  bed  of  what  is  currently 
Lake  Michigan,  over  10,000  years  ago.  In  the  wake  of  this  recession,  glacial  till  formed 
moraines,  upland  forest  developed  on  the  ridges,  river  valleys  formed,  and  the  surrounding 
lands  were  flooded  with  glacial  meltwater  (Kimmel  and  Lampa,  1984). 

DuPage  County  is  drained  by  seven  watersheds.  Most  of  the  major  rivers  and  their 
tributaries  are  bordered  by  thin  forest  edge  or  savanna.  With  the  exception  of  the 
Sawmill  Creek  and  lower  Des  Plaines  River  watersheds  in  southeast  DuPage  County,  and 
small  portions  of  the  West  Branch  of  the  DuPage  River  Valley,  the  banks  of  most 
DuPage  County  streams  exhibit  little  relief.  Surrounding  areas  are  very  prone  to 
occasional  flooding. 

It  is  estimated  that  over  50%  of  DuPage  County  was  covered  by  marshes  or  other 
wetlands  in  presettlement  times  (Lampa  and  Ludwig,  1991).  These  areas  were  bordered 
by  wet  and  wet-mesic  sedge  meadow,  which  gently  graded  to  mesic  prairie.  Wooded 
areas,  including  forests  and  savanna,  consisted  mainly  of  large  and  small  groves,  and 
bands  of  trees  along  sections  of  the  county's  river  banks. 

Few  remnants  of  prairie  still  occur  in  DuPage  County.  Agricultural  practices  and 
drainage  of  wetlands  eliminated  much  of  the  county's  open  habitats  during  the  1800's 
and  early  1900's.  Suppression  of  fire,  beginning  with  early  settlers,  allowed  invasion  by 
numerous  European  plants  and  development  of  dense  stands  of  shrubby  vegetation. 
Resultant  old  field  and  shrubland  habitats  are  now  the  predominant  open  habitat  types  in 
DuPage  County.  Seven  woodland  communities  currently  exist  in  DuPage  County:  dry- 
mesic  upland  forest;  mesic  upland  forest;  wet  upland  forest,  or  flatwoods;  wet-mesic 
bottomland  forest;  wet  bottomland  (floodplain)  forest;  mesic  savanna;  and  pine 
plantation. 

Several  works  on  the  distribution  of  amphibians  and  reptiles  of  the  Chicago  area  included 
pre-1980  DuPage  County  records  (Necker,  1939;  Pope,  1944;  Stille  and  Edgren,  1948). 
Smith  (1961)  provided  records  of  25  species  for  DuPage  County,  and  considered  the 
ranges  of  13  others  to  include  all  or  portions  of  the  county.  Cebula  ( 198  la,b),  Cebula 
and  Redmer  (1988),  Cochran  (1988;  1989b),  Jessup  (1981),  Mierzwa  (1987),  Redmer 
(1987a;  1988),  Redmer  and  Zaworski  (1987),  Young  (1973a, b),  and  Young  and 
Vandeventer  (1987)  reported  on  the  natural  history  of  some  amphibian  and  reptile  species 
occurring  in  DuPage  County.  Several  inventories  of  DuPage  County  amphibians  and 
reptiles  of  limited  durations  or  areas  are  also  available  (Cochran,  1989a;  Mierzwa,  et  al., 
1990;  Redmer,  1987b).  This  report  summarizes  the  findings  of  these  recent  works,  our 
own  three  year  study  (Ludwig,  et  al.,  1990),  and  records  gathered  during  1991.  This 
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information  and  specific  locality  and  habitat  data  are  incorporated  into  the  natural 
resources  data  bank  of  the  Forest  Preserve  District  of  DuPage  County. 

METHODS  AND  MATERIALS 

Amphibians  and  reptiles  were  surveyed  from  March  through  September  1988  and  1989, 
and  May  though  September,  1990  and  1991  within  50  preserves  within  the  Forest 
Preserve  District  of  DuPage  County.  Some  areas  not  owned  by  the  Forest  Preserve 
District  were  also  surveyed.  A  variety  of  surveys  and  capture  methods  were  used  to 
inventory,  as  completely  as  possible,  the  species  present  within  individual  forest 
preserves.  Some  areas  adjacent  to  preserves  or  containing  interesting  natural  areas  were 
also  sampled. 

Drift  fences  were  constructed  of  36  cm  x  15  m  sheets  of  0.02  gauge  aluminum  flashing 
inserted  into  the  soil  in  trenches  (5  to  10  cm  deep)  and  stapled  to  60  cm  wood  stakes. 
Drift  fence  arrays  consisted  of  single  fences  (15  to  60  m  in  length)  placed  along  habitat 
borders  (e.g.,  along  the  shorelines  of  ponds  or  marshes)  to  intercept  animals  migrating  or 
wandering  between  these  areas.  Pitfall  and  funnel  traps  were  placed  along  drift  fences 
during  the  appropriate  season  to  capture  specific  species.  Pitfall  taps  are  most  effective 
for  capturing  amphibians  and  funnel  traps  are  the  most  reliable  way  to  capture  snakes 
(Karns,  1986).  Pitfall  traps  were  20  liter  plastic  buckets  buried  with  the  opening  of  the 
bucket  flush  with  the  ground.  Buckets  were  placed  at  each  end  of  a  drift  fence  and 
alternately  along  both  sides  of  the  drift  fence.  The  intervals  between  traps  along  a  fence 
varied  from  approximately  3.9  to  12  m.  Funnel  traps  were  constructed  by  stapling  the 
lip  of  15  cm  diameter  plastic  funnels  (with  spout  removed)  to  the  edge  of  aluminum 
window  screening  rolled  to  form  a  cylinder.  The  cylinder  was  stapled  length-wise  along 
the  seam,  and  the  end  opposite  the  funnel  secured  with  metal  binder  clips.  Single  funnel 
traps  were  positioned  on  each  side  and  at  the  ends  along  1 5  m  sections  of  drift  fences 
with  entrances  pointed  away  from  the  ends  of  the  fence. 

Frog  populations  were  inventoried  and  censused  by  evening  call  censuses.  An  observer 
familiar  with  the  calls  of  each  native  frog  species  listened  for  male  vocalizations  at 
potential  breeding  sites  for  5  to  10  minutes.  Selected  localities  within  preserves  were 
visited  at  least  one  week  per  month  from  March  through  June  1988,  and  from  21  through 
28  May,  1989,  and  29  through  30  May,  1990.  Surveys  occurred  during  all  portions  of 
the  1988  breeding  season  in  order  to  sample  all  possible  frog  species  (Karns,  1986). 

Larval  amphibians  and  small  aquatic  turtles  were  sampled  by  seining  stretches  of  open 
water  along  weedy  edges  or  blind  dip  netting  in  aquatic  vegetation.  Random  sampling 
techniques  used  during  the  entire  study  included  search  and  seize,  cover  turning,  road 
cruising  at  night,  spotting  scope  surveys  (for  aquatic  turtles),  turtle  nesting  area  surveys, 
and  salvage. 

Historical  records  represented  by  museum  specimens  from  the  following  institutions 
were  examined:  Chicago  Academy  of  Sciences  (CA),  Field  Museum  of  Natural  History 
(FMNH),  and  Illinois  Natural  History  Survey  (INHS).  Localities  on  specimen  tags  and 
catalog  entries  were  visited  to  verify  continued  existence  of  uncommon  or  rare  species. 
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RESULTS 


Species  Frequency 

Thirteen  amphibian  and  19  reptile  species  were  found  in  50  DuPage  County  forest 
preserves  (Table  1).  During  the  1988-1991  surveys  rare  species  were  defined  as  those 
located  at  5  or  fewer  preserves  (<  10.0%).  Uncommon  species  were  those  located  in 
from  6  to  10  preserves  (12.0  to  20.0%).  Fairly  common  species  were  located  in  11  to 
15  preserves  (22.0  to  30.0%).  Common  species  were  found  in  16  to  20  preserves  (32.0 
to  40.0%).  Abundant  species  were  those  located  in  21  or  more  preserves  (>  42.0%). 

Local  abundances  and  county-wide  distributions  varied  among  species.  The  green  frog 
( Rana  clamitans  melanota),  Blanding's  turtle  ( Emydoidea  blanditigii),  and  midland  brown 
snake  ( Storeria  dekayi  wrightorum)  had  fairly  widespread  distributions  but  were  usually 
found  only  in  low  numbers,  even  in  appropriate  habitat  and  under  ideal  conditions. 
Species  such  as  the  common  map  turtle  (Graptemys  geographica)  and  northern  water 
snake  ( Nerodia  sipedon )  had  restricted  distributions  but  were  abundant  at  certain  locations. 

Amphibians 

Blue-spotted  salamander,  Ambystoma  laterale.  This  rare  species  was  found  around  two 
vernal  ponds  in  an  oak  flatwoods  near  Wood  Dale,  and  in  a  disturbed  woodland  in  Bun- 
Ridge.  Jessup  (1981;  pers.  comm.,  1989)  reported  that  this  species  may  be  extirpated  at 
other  DuPage  County  localities  in  Bun  Ridge. 

Spotted  salamander,  Ambystoma  maculatum.  Although  this  species  is  known 
historically  from  the  Wood  Dale  area  (Pope,  1944;  Smith,  1961;  based  on  a  museum 
specimen  CA  6947),  it  was  not  found  in  the  northeastern  corner  of  DuPage  County 
during  this  study.  In  1988  and  1989  a  few  animals  were  found  in  a  mesic  forest  in  the 
southeast  comer  of  the  county. 

Eastern  tiger  salamander,  Ambystoma  tigrinum  tigrinum.  This  species  was  found  in  16 
preserves  and  is  the  most  common  and  widespread  salamander  in  DuPage  County.  It 
occurs  in  a  variety  of  habitats,  and  is  apparently  tolerant  of  some  habitat  disturbance. 

Central  newt,  Notopthalmus  viridescens  louisianensis.  This  rare  species  was  confined  to 
forests  within  four  preserves  in  the  eastern  half  of  DuPage  County.  Both  aquatic  stages 
(adults  and  larvae)  and  the  terrestrial  eft  stage  were  collected  at  each  locality  where  the 
species  occurred.  The  ecology  and  behavior  of  N.  viridescens  louisianensis  in  the  Wood 
Dale  area  were  reported  by  Cochran  (1988,  1989a). 

Mudpuppy,  Necturus  maculosus.  The  only  specimen  found  during  this  survey  was  seen 
in  a  drainage  channel  flowing  into  the  Des  Plaines  River  in  the  southeast  corner  of  the 
county.  Many  museum  specimens  were  collected  along  the  West  Branch  of  the  DuPage 
River  in  Naperville  during  the  1 940  s. 

Eastern  American  toad,  Bufo  americanus  americanus.  This  was  the  most  widespread  and 
abundant  amphibian  during  this  study.  It  was  located  within  36  preserves  and  on  several 
non-Forest  Preserve  District  properties. 

Western  chorus  frog,  Pseudacris  triseriata  triseriata.  This  common  species  was  collected 
or  heard  calling  at  18  preserves  and  in  a  variety  of  aquatic  habitats. 
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Northern  spring  peeper,  Pseudacris  crucifer .  This  rare  DuPage  County  frog  was  located 
in  four  preserves.  A  specimen  was  collected  and  others  were  heard  calling  in  a  wooded 
portion  of  Wood  Dale  Grove  Forest  Preserve  during  1988  (Redmer,  1990).  Pseudacris 
crucifer  was  also  heard  during  frog  calling  censuses  at  Waterfall  Glen  Forest  Preserve  and 
around  three  woodland  ponds  between  Lisle  and  Glen  Ellyn  where  its  occurrence 
previously  was  reported  by  Cebula  (1981b).  Another  small  chorus  was  heard  in  1990 
near  the  Cook-DuPage  County  line  in  Lemont,  but  a  breeding  pond  was  not  located. 
Only  small  numbers  of  frogs  were  heard  calling  at  each  site. 

Eastern  gray  treefrog,  Hyla  versicolor.  Two  species  of  morphologically  similar  gray 
treefrogs  known  to  occur  in  Illinois  (Brown  and  Brown,  1972),  can  only  be  reliably 
distinguished  by  their  calls,  which  differ  in  trill  rate,  or  by  karyotypical  analyses.  The 
eastern  gray  treefrog  is  tetraplod,  and  Cope's  gray  treefrog  (Hyla  chrysoscelis )  is  diploid. 
While  Cebula  (1981b)  reported  the  "gray  treefrog"  from  Mallard  Lake,  the  first 
verification  of  H.  versicolor  in  DuPage  County  occurred  during  this  study.  The  identity 
of  the  gray  treefrogs  located  at  one  southeast  DuPage  County  locality  site  was  confirmed 
by  sonographic  analysis  of  recorded  calls.  Two  populations  of  treefrogs  were  located  at 
non-district  sites.  These  populations  have  not  yet  been  positively  identified.  Both  are 
tentatively  believed  to  be  H.  versicolor  based  on  field  observations  of  breeding 
vocalizations. 

Bullfrog,  Rana  catesbeiana .  The  bullfrog  was  abundant  throughout  most  of  DuPage 
County  and  was  found  at  35  preserves.  The  largest  numbers  were  heard  during  the  frog 
calling  censuses  in  1988  and  1989  along  marshes,  large  ponds,  lakes  and  other  areas  with 
permanent  water. 

Green  frog,  Rana  clamitans  melanota.  Although  found  at  16  preserves,  this  species  is 
only  locally  common  within  certain  portions  of  these  preserves.  The  green  frog  was 
most  abundant  in  weedy  sections  of  small  streams  or  ponds  with  grassy  banks. 

Northern  leopard  frog,  Rana  pipiens.  This  species  was  widespread,  but  populations  were 
often  localized  within  small  areas  of  forest  preserves.  Adults  were  found  sporadically 
during  spring  either  calling  from  or  inhabiting  areas  near  ponds.  Numerous  recently 
metamorphosed  juveniles  were  captured  in  funnel  traps  set  in  marshy  areas  or  wet 
meadows  in  summer  (usually  late  June  to  early  July). 

Wood  frog,  Rana  sylvatica.  Several  individuals  were  heard  calling  at  one  location  near 
Wood  Dale  in  late  March,  1988.  Repeated  attempts  to  capture  a  specimen  were 
unsuccessful. 

Reptiles 

Common  snapping  turtle,  Chelydra  serpentina .  Snapping  turtles  were  located  at  20 
preserves  during  this  survey  and  were  common  in  a  wide  variety  of  aquatic  habitats, 
including  streams  of  all  sizes,  lakes,  quarry  ponds,  marshes,  and  small  ditches. 

Stinkpot,  Stemotherus  odoratus .  Two  dead  specimens  (one  juvenile,  one  adult)  and  one 
live  male  were  collected  at  Waterfall  Glen  Forest  Preserve.  This  species  was  also 
reported  from  Waterfall  Glen  by  Walchuck  (1975).  This  turtle  was  erroneously  reported 
from  Hinsdale  in  DuPage  County  by  Necker  (1939;  cited  by  Smith,  1961)  based  on 
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museum  specimens  FMNH  29387  and  29388.  These  specimens  were  actually  collected 
in  McHenry  County.  Prior  to  this  study,  the  only  valid  DuPage  County  records  of  this 
species  were  based  on  two  museum  specimens  (FMNH  29162  and  INHS  10763)  from 
the  Springbrook  drainage  in  Addison  and  Bloomingdale  townships. 

Blanding's  turtle,  Emydoidea  blandingii.  This  uncommon  species  was  located  in  8 
preserves  and  three  off-district  property  sites.  It  was  most  common  in  a  series  of 
marshes  in  the  western  one-fourth  of  DuPage  County. 

Box  turtles,  Terrapene  Carolina  and  Terrapene  omata.  Several  forms  of  the  two  North 
American  box  turtle  species  are  commonly  offered  for  sale  in  local  pet  shops.  Single 
specimens  (presumed  to  be  former  pets)  of  the  three-toed  box  turtle,  Terrapene  Carolina 
triunguis ,  were  collected  during  surveys  at  Warren ville  Grove  and  Pratt's  Wayne  Woods 
Forest  Preserves.  Box  turtles  of  both  species  have  also  been  captured  previously  in  the 
county  and  brought  to  Willowbrook  Wildlife  Haven  Forest  Preserve,  a  wildlife 
rehabilitation  center. 

Common  map  turtle,  Graptemys  geographica.  This  species  was  observed  at  five 
preserves  and  was  abundant  in  the  DuPage  County  portion  of  the  Des  Plaines  River. 
While  Smith  (1961)  considered  this  species  to  be  statewide  in  Illinois,  no  DuPage 
County  records  were  known.  The  nearest  known  populations  of  (G.  geographica )  were 
reported  from  Cook,  Lake,  and  Grundy  counties  (Cahn,  1937;  Stille  and  Edgren,  1948; 
Smith,  1961).  Dancik  (1974)  reported  this  species  and  several  non-native  and  exotic 
species  from  the  Des  Plaines  River  in  Cook  County. 

False  map  turtle  and  Mississippi  map  turtle,  Graptemys  pseudogeographica  -  G.  kohnii 
species  complex.  Populations  of  Graptemys  pseudogeographica  were  reported  from 
northern  Illinois  (Cahn,  1937)  and  were  considered  to  occur  statewide  (Smith,  1961). 
However,  Conant  and  Collins  (1991)  reduced  the  Illinois  distribution  of  G. 
pseudogeographica  on  the  species'  range  map.  Populations  in  DuPage  County  are 
believed  to  be  introduced.  Individuals  belonging  to  three  forms  of  this  species  complex 
were  found  at  three  localities.  The  Mississippi  map  turtle  (G.  kohnii )  was  located  at 
Warrenville  Grove  Forest  Preserve  and  in  northeastern  Bloomingdale  township.  Many 
individuals  of  the  Oachita  map  turtle  (G.  pseudogeographica  oachitensis)  were  also 
observed  at  the  Bloomingdale  location.  Two  adult  false  map  turtles,  G.  p. 
pseudogeograpica ,  were  observed  at  Churchill  Woods  Forest  Preserve  during  1991. 

Painted  turtle,  Chrysemys  picta.  This  was  the  most  widespread  and  abundant  reptile 
observed  (26  preserves).  Large  populations  were  found  in  marshes  and  quarry  ponds. 
Smaller  numbers  were  found  in  rivers  and  streams  in  quiet  backwaters  or  slow  sections. 
This  species  is  frequently  killed  on  roads  in  DuPage  County  during  the  nesting  season 
(spring  and  early  summer). 

Red-eared  slider,  Trachemys  scripta  elegans.  This  species  was  located  at  10  preserves 
during  this  study.  Most  animals  were  found  within  heavily  used  preserves.  All  DuPage 
County  populations  are  likely  the  result  of  introductions.  There  is  evidence  of  breeding 
(hatchlings  and  adults  present)  at  three  forest  preserves.  This  large  turtle  was  reported  by 
Cahn  (1937)  to  occur  in  Cook  and  Kankakee  counties.  However,  it  has  been  introduced 
and  is  breeding  in  so  many  areas  extralimital  to  its  range  that  it  will  be  difficult  to 
determine  its  natural  range  in  northern  Illinois. 
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Eastern  spiny  softshell  turtle,  Apalone  spinifera  spinifera.  This  species  was  found  at  17 
preserves  and  was  common  in  the  Des  Plaines  River  and  in  the  East  and  West  Branches 
of  the  DuPage  River.  It  was  also  found  in  marshes  or  quarry  ponds  immediately  adjacent 
to  rivers  or  creeks. 

Smooth  green  snake,  Opheodrys  vemalis .  This  small  insectivorous  snake  was  found  in 
five  preserves.  It  is  also  known  to  occur  at  Fermi  National  Laboratory  (Mierzwa,  et  al., 
1990).  John  Cebula  (pers.  comm.)  received  several  second-hand  reports  of  smooth  green 
snakes  from  lots  and  small  prairie  remnants  near  West  Chicago,  north  of  Roosevelt  Road 
and  west  of  Route  59.  This  species  occurs  in  fair  numbers  throughout  the  northwestern 
portion  of  DuPage  County  where  wet-mesic  sedge  meadows,  mesic  prairies,  and 
undisturbed  old-fields  still  exist. 

Western  fox  snake,  Elaphe  vulpina  vulpina.  This  species  was  found  in  14  preserves.  It 
occurs  in  a  variety  of  open  habitats,  including  grassy  margins  of  railroad  beds,  prairie 
remnants  and  old  field,  forest  edge  and  savanna,  and  around  hay  bales,  old  buildings, 
bams,  and  or  other  places  inhabited  by  rodents.  Young  and  Vande venter  (1987)  reported 
on  aggregating  behavior  and  reproduction  of  this  species  in  DuPage  County. 

Eastern  milk  snake,  Lampropeltis  triangulum  triangulum .  This  uncommon  species  was 
located  at  six  preserves  within  old  field  or  prairie  areas  immediately  adjacent  to  tracts  of 
mature  woods  or  oak  savanna.  The  areas  where  this  species  was  most  commonly 
encountered  were  all  close  to  foundations  of  raised  buildings.  Building  foundations  may 
provide  important  foraging,  nesting,  and  hibernating  sites. 

Eastern  plains  gaiter  snake,  Thamnophis  radix  radix.  This  prairie  species  was  located 
within  14  preserves.  The  largest  number  of  individuals  were  found  in  grassy  or  marshy 
areas  and  vacant  lots.  It  also  occurred  in  old  fields  where  the  invading  shrubby  vegetation 
was  still  sparse  or  had  not  yet  shaded  out  the  grasses  and  forbs.  Populations  have 
declined  dramatically  and  even  disappeared  from  several  DuPage  County  fields  where  the 
species  was  abundant  in  the  early  1980's  (M.  Redmer,  pers.  obs.). 

Eastern  garter  snake,  Thamnophis  sirtalis  sirtalis.  This  was  the  most  common  and 
widespread  snake  found  during  this  study.  Although  located  at  only  23  preserves  during 
this  study,  it  probably  occurs  county-wide.  The  eastern  garter  snake  was  usually  found  in 
moist  areas  in  and  around  marshes,  ponds,  ditches  or  rivers,  especially  near  shrubby  or 
wooded  areas. 

Midland  brown,  or  De Kay's  snake,  Storeria  dekayi  wrightorum.  During  our  1988 
through  1990  survey,  this  small  snake  was  found  at  ten  preserves.  It  is  uncommon 
throughout  most  of  DuPage  County.  It  was  difficult  to  consistently  locate  more  than  a 
few  animals  even  when  hiding  places  beneath  ground  cover  were  available.  Animals 
were  not  found  at  two  preserves  where  they  occurred  in  recent  years  (Redmer,  1987b). 
All  of  the  known  DuPage  County  S.  dekayi  localities  are  adjacent  to  areas  of  oak 
savanna,  mesic  forest,  or  riparian  woodlands. 

Northern  redbelly  snake,  Storeria  occipitomaculata  occipitomaculata.  This  small  snake 
is  rare  in  DuPage  County.  It  was  found  only  in  two  preserves  in  the  northeastern  portion 
of  DuPage  County.  This  species  was  known  historically  from  the  forested  area  around 
Wood  Dale  (Smith,  1961;  Cochran,  1989a).  Two  DuPage  County  specimens  (INHS 
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5403  and  5404)  from  Fullersburg  Woods  are  in  the  Illinois  Natural  History  Survey 
Collection.  Smith  (1961)  pointed  out  that  S.  occipitomaculata  were  uncommon 
throughout  Illinois  except  in  the  forested  morainal  areas  of  Cook  and  Lake  counties. 
Many  of  the  geologic  and  vegetational  features  of  those  areas  are  also  evident  in 
northeastern  DuPage  County  (Kimmel,  1985;  Kimmel  and  Lampa,  1984). 

Queen  snake,  Regina  septemvittata .  This  rare  species  was  found  at  several  small  quarry 
ponds  and  along  Sawmill  Creek  in  the  southeast  corner  of  the  county,  and  two  preserves 
along  the  West  Branch  of  the  DuPage  River.  This  snake  feeds  almost  exclusively  on 
crayfishes,  although  a  DuPage  County  specimen  regurgitated  a  partially  digested  fish. 

Northern  water  snake,  Nerodia  sipedon  sipedon.  An  aggressive  aquatic  snake,  this 
species  was  found  at  two  preserves  along  the  Des  Plaines  River  Valley  and  in  seven 
preserves  in  the  watershed  of  the  West  Branch  of  the  DuPage  River.  It  was  frequently 
found  along  short  sections  of  the  West  Branch  of  he  DuPage  River,  especially  near  bridge 
pilings  and  stone  dams  which  may  be  used  as  hibernacula,  and  throughout  much  of 
Waterfall  Glen  Forest  Preserve.  Nerodia  sipedon  is  apparently  absent  from  the  East 
Branch  of  the  DuPage  River  and  other  suitable  habitat  in  DuPage  County.  This  species 
is  considered  uncommon  because  of  its  limited  distribution  in  the  county. 

Species  Not  Encountered 

Blanchard's  cricket  frog,  Acris  crepitans  blanchardi.  This  small  frog  was  probably 
common  throughout  all  of  DuPage  County  until  recent  years,  when  it  inexplicably 
disappeared  from  much  of  northern  Illinois.  Pentecost  and  Vogt  (1976)  reported  declines 
in  cricket  frog  populations  in  Wisconsin  in  the  mid  1970’s;  it  is  now  recognized  as 
endangered  in  that  state  (Vogt,  1981).  Smith  (1961)  called  Blanchard's  cricket  frog  the 
most  common  amphibian  in  Illinois  and  plotted  two  DuPage  County  records  on  the 
range  map  for  the  species.  Mierzwa  (1989)  summarized  the  known  history  of  this 
species'  decline  in  northern  Illinois. 

Cope's  gray  treefrog,  Hyla  chrysoscelis.  Refer  to  the  eastern  gray  treefrog  account  given 
above  for  an  explanation  of  the  taxonomy  of  the  gray  treefrog  complex.  Currently,  the 
population  closest  to  DuPage  County  is  from  St.  Charles  in  Kane  County  (M.  Redmer, 
unpublished  data). 

Plains  leopard  frog,  Rana  blairi.  The  species  is  native  to  the  midwestem  United  States, 
but  because  it  is  a  relatively  recently  described  species  (Mecham,  et  al.,  1973),  the  entire 
range  of  the  plains  leopard  frog  has  not  been  determined.  The  localities  closest  to 
DuPage  County  are  near  Wilmington  and  Crete,  Will  County,  and  the  Palos  Hills  area, 
Cook  County  (Mierzwa,  1988;  pers.  comm;  Brown  and  Morris,  1990). 

Pickerel  frog,  Rana  palustris .  Smith  (1961)  showed  this  species'  Illinois  range  to 
include  the  western  half  of  DuPage  County.  There  is  no  evidence  that  this  species  has 
ever  occurred  in  DuPage  County.  The  specimen  from  Batavia,  Kane  County,  reported  by 
Stille  and  Edgren  (1948)  and  cited  by  Smith  (1961)  is  actually  a  misidentified  northern 
leopard  frog  (Redmer  and  Mierzwa,  in  review).  Two  previously  unreported  Kane  County 
specimens  from  near  Dundee  represent  the  localities  closest  to  DuPage  County. 

Spotted  turtle,  Clemmys  guttata.  This  species  is  endangered  in  Illinois  (Illinois 
Endangered  Species  Protection  Board,  1990;  Morris  and  Smith,  1981).  The  Illinois 
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range  of  this  species  given  by  Smith  (1961)  is  the  Des  Plaines  River  drainage  in  Cook 
and  Will  counties.  The  species  was  believed  to  be  extinct  in  Illinois  since  the  1 950's  but 
was  rediscovered  in  Will  County  (Stone,  1980;  Morris  and  Smith,  1981).  While 
extensive  tracts  of  suitable  habitat  exist  along  the  Des  Plaines  River  flood-plain  in 
DuPage  County,  intensive  searches  or  Spotted  Turtles  in  1989  and  1990  were 
unsuccessful. 

Eastern  yellowbelly  racer,  Coluber  constrictor  flaviventr is.  A  single  specimen  (FMNH 
41221)  was  taken  at  31st  Street  and  York  Road  in  the  1940's.  This  species  has  not  been 
found  since  and  is  believed  extinct  in  DuPage  County. 

Kirtland's  snake,  Clonophis  kirtlandii.  This  small  snake  is  very  rare  and  is  currently 
being  considered  for  listing  as  a  federally  threatened  species  (Dodd,  et  al.,  1985).  A 
specimen  from  Hinsdale  is  in  the  Field  Museum  of  Natural  History  collection.  Another 
was  found  dead  on  the  road  in  Addison  during  1986  (M.  Redmer,  pers.  obs.)  but  was  not 
preserved.  Robert  Young  (pers.  comm.),  reported  this  species  from  Warrenville  Grove 
Forest  Preserve,  though  repeated  attempts  to  locate  it  there  during  this  study  were 
unsuccessful.  Fred  Janzen  (pers  comm.)  collected  a  specimen  within  Argonne  National 
Laboratory,  near  the  northwest  portion  of  Waterfall  Glen  Forest  Preserve  during  1989. 

Graham's  crayfish  snake,  Regina  grahamii .  This  water  snake  was  reported  from  two 
DuPage  County  localities  by  Young  (1973a).  The  areas  reported  by  Young  were  later 
disturbed,  and  snakes  were  not  found  there  after  the  early  1970's  (R.A.  Young,  pers. 
comm.).  Repeated  attempts  to  find  Graham's  crayfish  snakes  during  this  study  at 
localities  reported  by  Young  were  unsuccessful. 

Eastern  massasauga,  Sistrurus  catenatus  catenates.  Smith  (1961)  presumed  this  species 
was  probably  common  in  Illinois  before  intensive  cultivation  and  drainage  of  prairie 
marshes.  Pope  (1944)  mentioned  the  continued  existence  of  this  small  rattlesnake  in  the 
1940's  in  the  Wood  Dale  area,  one  of  the  few  remaining  localities  in  the  Chicago  region 
where  the  species  occurred  at  that  time.  The  Wood  Dale  area  has  been  extensively 
developed  and  little  habitat  remains  for  this  species.  It  was  not  found  during  our  surveys 
and  may  now  be  extinct  in  DuPage  County 

DISCUSSION 

All  habitat  types  in  DuPage  County  have  been  reduced  in  area,  fragmented,  and  isolated. 
These  alterations  are  especially  detrimental  to  populations  of  relatively  immobile 
amphibians  and  reptiles.  Much  of  the  pre-settlement  wetland,  prairie,  savanna,  and  oak 
forest  habitats  in  DuPage  County  have  been  drained,  converted  to  agricultural  crops,  cut 
for  lumber,  and  subdivided  for  commercial  and  residential  development.  Breeding  ponds 
have  dried  up  or  otherwise  been  negatively  affected  by  changes  in  drainage  patterns  and  to 
the  water  table  (Lampa  and  Ludwig,  1990). 

Potential  exists  for  additional  records  of  all  DuPage  County  amphibians  and  reptiles. 
This  survey  located  species  now  considered  "rare"  or  "uncommon"  within  the  few 
remaining  tracts  of  suitable  habitat  for  these  restricted  animals.  The  county-wide 
distributions  of  these  species  is  not  expected  to  expand  considerably  in  the  future.  Most 
remaining  populations  of  "rare"  or  "uncommon"  species  are  located  within  the  Forest 
Preserve  District  of  DuPage  County.  A  number  of  preserves  that  were  recently  acquired, 
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or  which  contain  "poor"  habitats,  were  not  surveyed  as  intensively  as  preserves  with 
potential  for  rare  or  uncommon  species.  These  preserves  may  lack  current  records  of 
common  and  abundant  species.  Several  species  (e.g.,  Bufo  americanus,  Thamnophis 
sirtalis )  can  be  presumed  to  occur  in  nearly  all  undeveloped  open  space  in  DuPage 
County. 

Five  species  known  historically  from  DuPage  County  were  not  located  during  this  study. 
There  is  evidence  that  one  of  these  species  ( Clonophis  kirtlandii )  still  occurs  in  the 
county.  Decline  and  probable  extinctions  of  the  other  four  species  apparently  occurred 
since  the  1940's;  however,  this  is  poorly  documented. 

Morris  et  al.  (1983)  reported  a  general  decline  in  all  amphibians  and  reptiles  in  Illinois. 
One  of  us  (M.  Redmer)  has  noted  declines  in  Ram  clamitans  melanota  and  Thamnophis 
radix  at  some  DuPage  County  localities. 

The  large  percentage  of  introduced  turtles  is  a  further  sign  of  human  manipulation  of 
DuPage  County's  herpetofauna.  Of  19  turtle  taxa  reported  by  Dancik  (1974),  13  were  not 
native  to  the  Des  Plaines  River  in  Cook  County.  Graptemys  kohnii  and  Terrapene 
carolim  were  certainly  introduced  in  DuPage  County.  There  is  strong  evidence  to 
suggest  that  the  presence  of  Graptemys  p.  pseudogeographica,  G.  p.  oachitensis ,  and 
Trachemys  scripta  elegans  in  DuPage  County  is  also  due  to  introduction,  although  some 
authors  consider  the  ranges  of  these  turtles  to  include  or  closely  approach  DuPage 
County. 

Uncertainty  exists  about  current  population  sizes  of  rare  and  uncommon  species  and 
current  population  trends  of  all  amphibian  and  reptile  species  in  DuPage  County.  Data 
acquired  during  this  study  has  been  incorporated  into  the  database  of  the  Forest  Preserve 
District  of  DuPage  County.  This  data  will  be  used  in  developing  guidelines  for 
management  of  these  animals  in  the  remaining  DuPage  County  habitats  (Ludwig,  et  al., 
1990). 
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TABLE  1.  FREQUENCY  OF  OCCURRENCE  (%)  AND  STATUS  OF  AMPHIBIAN  AND  REPTILE  SPECIES 
IN  FIFTY  DUPAGE  COUNTY  FOREST  PRESERVES  (1988-1991). 


SPECIES _ _ 

AMPHIBIANS 

AMBYSTOMA  LATE  RALE 

AMBYSTOMA  MACULATUM 

AMBYSTOMA  T.  TIGRINUM 

NOTOPTHALMUS  VIRIDESCENS  LOUISLANENSIS 

NECIURUS  MACULOSUS 

BUFO  A  AMERICANUS 

PSEUDACRIS  TRISERIATA 

PSEUDACRIS  CRUCIFER 

HYLA  VERSICOLOR 

RANA  CATESBEIANA 

RANA  CLAMITANS  MELANOTA 

RANA  PIPEENS 

RANA  SYLVATICA 

REPTILES 

CHELYDRA  SERPENTINA 
STERNOTHERUS  ODORATUS 
EMYDOIDEA  BLAND  INGII 
TERRAPENE  CAROLINA  TRIUNGUIS  * 

CHRYSEMYS  PICTA  SSP. 

TRACHEMYS  SCRIPTA  ELEGANS  * 

GRAPTEMYS  GEOGRAPHICA 

GRAPTEMYS  PSEUDOGEOGRAPHICA  /  G.  KOHNH  * 

APALONE  S.  SPINIFERA 

OPHEODRYS  VERNALIS 

ELAPHE  VULPINA 

LAMPROPELTIS  T.  TRIANGULUM 

THAMNOPHIS  RADIX  RADIX 

THAMNOPHIS  S.  SIRTAUS 

STORERIA  DEKAYI WRIGHTORUM 

STORERIA  O.  OCCIPITOMACULATA 

REGINA  SEPTEMVIITATA 

NERO  DIAS.  SIPEDON 


FREQUENCY  OF  NUMBER  OF 


OCCURRENCE 

PRESERVES 

STATUS 

2 

1 

RARE 

2 

1 

RARE 

32 

16 

COMMON 

6 

3 

RARE 

2 

1 

RARE 

72 

36 

.ABUNDANT 

36 

18 

COMMON 

8 

4 

RARE 

2 

1 

RARE 

70 

35 

ABUNDANT 

36 

18 

COMMON 

32 

16 

COMMON 

2 

1 

RARE 

40 

20 

COMMON 

2 

1 

RARE 

16 

8 

UNCOMMON 

4 

2 

RARE 

52 

26 

ABUNDANT 

20 

10 

UNCOMMON 

10 

5 

RARE 

4 

2 

RARE 

34 

17 

COMMON 

6 

5 

RARE 

28 

14 

FAIRLY  COMMON 

12 

6 

UNCOMMON 

30 

15 

FAIRLY  COMMON 

46 

23 

ABUNDANT 

20 

10 

UNCOMMON 

4 

2 

RARE 

6 

3 

RARE 

18 

9 

UNCOMMON 

introduced  specie* 
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ABSTRACT 

Nesting  success  of  Red-winged  Blackbirds  ( Agelaius  phoeniceus )  in  upland  habitats  has 
been  reported  to  be  lower  than  that  in  wetland  habitats,  but  few  data  are  available  from 
these  upland  sites.  Reproductive  success  rates  were  calculated  for  356  Red-winged 
Blackbird  nests  located  along  an  upland  stretch  of  Interstate  88  right-of-way  (ROW) 
during  the  nesting  seasons  of  1985  and  1986.  Overall  reproductive  success  was  53.6%, 
unusually  high  for  upland  areas.  The  data  suggest  that  some  upland  habitats,  under 
certain  conditions,  may  be  as  productive  as  wetland  habitats. 

$ 

Previous  investigators  have  shown  that  upland  nests  are  more  vulnerable  to  Brown¬ 
headed  Cowbird  ( Molothrus  ater)  parasitism  than  wetland  nests.  In  this  study,  forty-six 
nests  (13%)  were  parasitized  by  cowbirds.  This  frequency,  although  low  for  reported 
upland  studies,  is  still  much  higher  than  previous  investigations  of  wetlands.  Nest 
predation  by  mammals  is  often  high  along  corridors  and  responsible  for  lower  success 
rates  of  birds  that  nest  near  the  ground.  Mammalian  predation  was  not  a  significant 
factor  in  this  study.  The  lack  of  suitable  adjacent  ROW  cover  (90%  of  adjacent  habitat 
was  intensively  rowcropped)  may  be  responsible  for  the  relatively  low  predation  rates. 

INTRODUCTION 

The  Red-winged  Blackbird  ( Agelaius  phoeniceus)  may  have  greater  nesting  success 
within  emergent  wetlands  than  in  upland  situations  (e.g.,  Case  and  Hewitt  1963, 
Robertson  1972).  Dolbeer  (1976),  however,  suggested  that  there  was  no  difference  in 
success  rates  between  the  two  habitats.  Few  studies  have  examined  nesting  success  of 
Red-winged  Blackbirds  in  upland  areas.  I  documented  clutch  size,  and  hatching  success 
and  reproductive  success  (the  ratio  of  young  fledged  to  eggs  laid)  for  Red-winged 
Blackbirds  within  an  upland  habitat.  The  effects  of  mammalian  predators  was  also 


202 


monitored  as  they  can  often  be  a  significant  factor  in  the  reproductive  success  of  low  to 
ground  nesting  birds  (Robertson  1972).  Lastly,  many  studies  (Nickell  1955,  Friedmann 
1963)  have  investigated  Brown-headed  Cowbird  ( Molothrus  ater )  parasitism  rates  in  a 
variety  of  species  and  habitats  but  little  data  has  been  collected  from  birds  nesting  within 
interstate  ROW'S.  Cowbird  parasitism  was  recorded  and  monitored  in  broods  of  Red¬ 
winged  Blackbirds. 


STUDY  AREA  METHODS 

I  examined  nests  along  Interstate  88  in  Whiteside  County  during  the  breeding  seasons  of 
1985  and  1986.  Hungarian  brome  ( Bromis  inermis )  and  tall  fescue  ( Festuca  elaitor)  were 
the  dominant  ground  cover  (Paruk  1990).  Abundance  and  species  of  trees,  shrubs,  and 
woody  vines  present  in  the  ROW  have  been  described  in  Paruk  (1990).  The  ROW  was 
not  mowed  except  for  a  5  m  buffer  strip  adjacent  to  the  paved  shoulder.  Adjacent  ROW 
habitats  were  predominantly  (>90%)  agriculture.  A  total  of  6,710  m  of  roadside  (15.2 
ha)  was  surveyed  between  3  April  and  2  August  of  each  year.  Nest  survey  methods  have 
been  previously  described  in  Paruk  (1990).  Each  nest  was  monitored  every  2  to  4  days. 

RESULTS  AND  DISCUSSION 

Three  hundred  and  Fifty-six  Red-winged  Blackbird  nests  were  found  during  the  two  year 
study  (Table  1).  Of  these,  220  (61.8%)  were  in  woody  vegetation  and  136  (38.2%)  in 
herbaceous  cover.  Forty-six  (12.9%)  nests  were  parasitized  by  Brown-headed  Cowbirds 
{Molothrus  ater):  25  (54.3%)  and  (45.7%)  were  in  woody  and  herbaceous  vegetation, 
respectively.  In  orther  studies  (Hergenrader  1962,  Hill  1976,  Linz  and  Bolin  1982)  Red¬ 
winged  Blackbirds  nesting  in  upland  habitats  had  higher  nest  parasitism  by  Brown-headed 
Cowbirds  than  conspecifics  nesting  in  wetland  habitats  (Nickell  1955,  Friedmann  1963, 
Robertson  and  Norman  1977).  Hergenrader  (1962)  found  54%  (N=59)  of  the  Red-winged 
Blackbird  nests  in  a  Nebraska  highway  ROW  were  parasitized.  Similarly,  Linz  and  Bolin 
(1982)  found  42%  (N=258)  parasitism  in  a  North  Dakota  highway  ROW.  Hill  (1976) 
found  lower  parasitism  rates  (22%)  in  a  prairie  site  in  Kansas.  I  suspect  one  potentially 
important  reason  for  the  low  parasitism  rates  at  my  study  site  was  due  to  the  lack  of 
suitable  foraging  areas  for  cowbirds  adjacent  to  the  Interstate  ROW.  More  investigation 
is  needed  to  determine  the  type  and  extent  of  cover  cowbirds  require. 

Brown-headed  Cowbirds  did  not  have  much  success  parasitizing  Red-winged  Blackbirds. 
Twenty-four  of  the  parasitized  nests  were  abandoned  and  in  20  nests  (43.5%)  Red- winged 
Blackbird  females  removed  the  cowbird  eggs.  Only  2  (4.3%)  of  the  parasitized  nests 
fledged  a  cowbird  (Table  1). 

The  mean  (+  SD)  clutch  size  for  Red-winged  Blackbirds,  excluding  cowbird  eggs,  was 
3.1  ±  0.7  (3.2  ±  0.6  for  unparasitized  and  2.7  ±  0.5  for  parasitized  blackbirds).  These 
differences  were  not  statistically  different  (p  >  0.05).  The  majority  of  the  clutches 
contained  either  3  (N=190,  53.4%)  or  4  (N=123,  34.5%)  eggs.  Previous  investigators 
(Dolbeer  1976,  Lenington  1982,  Rigby  1982)  have  reported  higher  mean  clutch  values 
(3.4  -  3.7  ±  0.5)  for  Red-winged  Blackbirds  (although  parasitism  rates  were  not 
mentioned  in  the  analyses).  The  small  mean  clutch-size  I  found  is  a  consequence  of  the 
larger  ratio  of  3:4  egg  clutches  (1.54).  Rigby  (1982)  tabulated  ratios  of  3:4  egg  clutches 
and  reported  a  mean  of  0.68  from  180  nests  in  wetland  habitats.  Large  ratios  are 


203 


generally  suggestive  of  poorer  quality  habitats,  but  comparisons  between  studies  should 
be  viewed  with  caution  (Rigby  1982). 

Hatching  and  reproductive  success  rates  for  unparasitized  (61.4%  and  53.6%)  and 
parasitized  nests  (54.6%  and  50.9%)  were  not  significantly  different  (t  =  1.508,  df  =  12, 
p  >  0.05).  Reproductive  success  of  Red-winged  Blackbirds  that  placed  their  nests  above 
and  below  1  m  were  compared  because  mammalian  predators  may  influence  the 
reproductive  success  of  ground  or  low-nesting  birds  (Robertson  1972).  Although  birds 
nesting  above  1.0  m  had  a  slightly  higher  success  rate  (N=170,  58.9%)  than  birds 
nesting  below  1.0  m  (N=186,  50.3%)  the  differences  were  not  statistically  significant 
(Mann-Whitney  U  =  154,  p  >  0.05).  The  lack  of  suitable  adjacent  cover  for  mammalian 
predators  may  account  for  these  results  (J.  Paruk,  pers.  obs.). 

Francis  (1971)  summarized  reproductive  success  rates  of  Red-winged  Blackbirds  in 
wetland  habitats  from  8  studies.  He  found  reproductive  success  varied  from  27-67%.  In 
my  study,  Red-winged  Blackbirds  nesting  in  upland  habitat  were  equally  as  productive 
(53.6%)  as  those  in  wetland  habitats. 

ACKNOWLEDGMENTS 

Financial  support  was  provided  by  The  Illinois  Department  of  Conservation,  Max 
McGraw  Wildlife  Foundation,  and  Northern  Illinois  University's  Biological  Sciences 
Department.  W.  Southern,  D.  Evers,  D.  Cristol,  and  a  couple  of  anonymous  reviewers 
made  helpful  comments  on  the  manuscript. 

LITERATURE  CITED 

Case,  N.A.  and  O.H.  Hewitt.  1963.  Nesting  and  productivity  of  the  Red-winged  Blackbird  in 
relation  to  habitat.  Living  Bird  2:7-20. 

Dolbeer,  R.A.  1976.  Reproductive  rate  and  temporal  spacing  of  nesting  Red-winged 
Blackbirds  in  upland  habitat.  Auk  93:343-355. 

Francis,  W.J.  1971.  An  evaluation  of  reported  reproductive  success  in  Red-winged 
Blackbirds.  Wilson  Bull.  83:178-185. 

Friedmann,  H.  1963.  Host  relations  of  the  parasitic  cowbirds.  U.S.  Natl.  Mus.  Bull.  233:1- 
276. 

Graber,  R.R.  and  J.W.  Graber.  1963.  A  comparative  study  of  bird  populations  in  Illinois, 
1906-1909,  1956-58.,  Vol.  28,  Article  3,  Ill.  Nat.  Hist.  Survey,  Champaign,  IL.  383-528 

pp. 

Hergenrader,  G.L.  1962.  The  incidence  of  nest-parasitism  by  the  Brown-headed  Cowbird  on 
roadside  nesting  birds  in  Nebraska.  Auk  79:  85-88. 

Hill,  R.A.  1976.  Host-parasite  relationships  of  the  Brown-headed  Cowbird  in  a  prairie 
habitat  of  west-central  Kansas.  Wilson  Bull.  88:555-565. 

Lenington,  S.  1982.  Competition  between  Red-winged  Blackbirds  and  Common  Grackles. 
Wilson  Bull.  94:90-93. 

Linz,  G.M.  and  S.B.  Bolin.  1982.  Incidence  of  Brown-headed  Cowbird  parasitism  on  Red¬ 
winged  Blackbirds.  Wilson  Bull.  94:93-95. 

Nickell,  W.  R  1955.  Notes  on  cowbird  parasitism  on  four  species.  Auk.  72:88-92. 

Paruk,  J.D.  1990.  Effects  of  roadside  management  practices  on  bird  richness  and 
reproduction.  Trans.  Ill.  Acad.  Science.  83:  181-92. 

Rigby,  M.D.  1982.  Clutch-size  and  prefledging  survival  in  Red-winded  Blackbirds  at 
Williamstown  Lake,  New  Brunswick.  Wilson  Bull.  94:569-571. 

Robertson,  R.J.  1972.  Optimal  niche  space  of  the  Red-winged  Blackbird  ( Agelaius 
phoeniceus):  Nesting  success  in  marsh  and  upland  habitat.  Can.  J.  Zool.  50:247-263. 
Robertson,  R.J.  and  R.F.  Norman.  1977.  The  function  and  evolution  of  aggressive  host 
behavior  towards  the  Brown-headed  Cowbird  ( Molothrus  ater).  Can.  J.  Zool.  55:508-518. 


204 


Table  1.  Reproductive  success  and  Cowbird  Parasitism  rates  for  Red-winged  Blackbirds  in 
upland  habitat  Row,  1985-1986. 


Year 

#  of  active 

nests 

-  x  clutch 

size 

#  para¬ 
sitized 

#  nests  that 
fledged  cowbird 

reproductive 

success  (%)  * 

1985 

164 

3.23 

22(13.4%) 

1  (4.5%) 

54.1 

1986 

192 

3.14 

24(12.5%) 

1  (4.2%) 

53.3 

Totals 

356 

3.19 

46(12.9%) 

2  (4.3%) 

53.6 

*ratio  of  young  fledged  to  eggs  laid 


Transactions  of  the  Illinois  State  Academy  of  Science 
(1992),  Volume  85,  3  and  4,  pp.  205  -  210 


Annotated  List  of  the  Caddisflies 
(Trichoptera)  of  Winfield  Creek,  Kress 
Creek,  and  Spring  Brook  Creek,  Illinois 


Chris  E.  Petersen  and  Randy  Brogan 
Natural  Sciences 
College  of  DuPage 
Glen  Ellyn,  IL  60137 

ABSTRACT 

Annotated  lists  of  caddisflies  (Trichoptera)  collected  from  three  tributaries  of  the  West 
Branch  of  the  DuPage  River  in  northeastern  Illinois  were  developed.  Ten  caddisfly 
species  were  collected  from  the  organically  polluted  streams:  Winfield  Creek,  Kress 
Creek,  and  Spring  Brook  Creek.  Seasonal  data  on  flight  periods  were  recorded. 

INTRODUCTION 

Caddisflies  (Trichoptera)  comprise  a  relatively  large  order  of  aquatic  insects  with  some 
7000  species  described  worldwide  (Arnett  1985)  and  over  180  species  identified  from 
Illinois  (Ross  1944).  Because  of  their  importance  within  food  chains  and  varying  species 
tolerances  to  chemical  changes,  caddisflies  are  useful  biotic  indicators  of  organic 
pollution  (Hilsenhoff  1987,  Ohio  Environmental  Protection  Agency  1987,  Ross  1944). 

The  objective  of  the  current  study  was  to  expand  upon  a  previous  survey  of  the  West 
Branch  of  the  DuPage  River  (West  Branch)  system  (Petersen  and  Hinkle  1991)  by 
surveying  three  West  Branch  tributaries:  Winfield  Creek,  Kress  Creek,  and  Spring  Brook 
Creek.  A  major  purpose  of  the  northeastern  Illinois  study  has  been  to  generate  a  survey 
of  caddisflies  which  persist  in  organically  polluted  streams,  thereby  contributing  to  the 
knowledge  of  pollution  tolerance  shown  by  caddisfly  species. 

DESCRIPTION  OF  THE  STUDY  SITES 

The  West  Branch  is  part  of  the  3553  km2  Des  Plaines  River  drainage  basin.  Physical 
characteristics  of  the  West  Branch,  Winfield  Creek,  Kress  Creek,  and  Spring  Brook  Creek 
are  given  in  Table  1 .  The  West  Branch  transects  rapidly  developing  DuPage  County  from 
north  to  south  (Figure  1).  Its  waters  are  moderately  organically  polluted  largely  by 
inputs  from  waste  water  treatment  plants  (Petersen  1991).  Selected  water  quality 
measurements  from  established  sampling  sites  in  Winfield  Creek,  Kress  Creek,  and 
Spring  Brook  Creek  (Figure  1)  also  indicate  streams  which  are  organically  polluted 
(Table  2)(Petersen  et  al.  1992).  Waste  water  treatment  plants  and  private  septic  fields  are 
believed  to  be  the  sources  of  this  organic  pollution. 
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Winfield  Creek  is  an  intermittent  stream  that  ceases  to  flow  during  summer  and  early 
fall.  Spring  Brook  Creek  was  also  an  intermittent  stream  prior  to  receiving  effluents 
from  the  Wheaton  waste  water  treatment  plant.  The  daily  discharge  rate  of  treated  water 
from  the  Wheaton  waste  water  treatment  plant  is  33,000  Kl/d.  Winfield  Creek  and 
Spring  Brook  Creek  mostly  flow  through  residential  areas  before  joining  the  West 
Branch.  Kress  Creek  is  contaminated  by  radioactive  thorium  from  the  now  vacated  Kerr- 
McGee  Chemical  Corporation  owned  chemical-process  plant  in  West  Chicago,  IL.  The 
creek  is  slated  for  Superfund  priority  cleanup.  The  last  2  km  of  Kress  Creek  flows 
through  farmland  before  joining  the  West  Branch. 

METHODS 

Sampling  stations  were  located  in  riffles  in  upstream  and  downstream  sites  along  each 
stream,  except  for  Kress  Creek  where  only  a  downstream  station  was  established  (Figure 
1).  Larval  caddisflies  were  collected  every  two  weeks  from  each  station  when  weather  and 
flow  permitted  from  September,  1990,  to  October,  1991.  Stream  collections  of  roughly 
30  minutes  duration  each  were  taken  using  D-framed  nets  and  by  rock  picking. 

Flying  adults  were  collected  twice  monthly  using  an  ultraviolet  light  trap  from  April  to 
October,  1991.  This  time  covered  the  period  when  flying  adults  appeared.  Despite  the 
possibility  of  collecting  species  dispersing  in  from  other  streams,  light  trapping  was 
added  to  sampling  procedure  since  it  provided  information  on  flight  periods  and  facilitated 
collections  of  small  and  rare  species.  During  each  sampling  effort  the  ultraviolet  light 
trap  was  set  along  the  stream  bank  at  dusk  for  30  minutes.  Voucher  specimens  of  larvae 
and  adults  have  been  retained  at  College  of  DuPage. 

ANNOTATED  LIST 

The  following  is  the  list  of  caddisflies  collected  from  Winfield  Creek,  Kress  Creek,  and 
Spring  Brook  Creek  according  to  sampling  station.  The  flight  period  of  each  species,  the 
number  of  each  sex  light  trapped,  and  the  number  of  larvae  collected  at  a  station  are 
given.  When  compared  to  lists  of  caddisflies  that  have  been  generated  from  other  streams 
in  the  Midwest  (e.g.,  see  McElravy  et  al.  1976,  Petersen  and  Foote  1979,  Ross  1944), 
the  number  of  species  collected  from  the  streams  is  small,  thus  reflecting  the  poor  water 
quality  in  the  streams.  This  disparity  is  evident  even  after  ignoring  the  possibility  that 
captures  included  species  dispersing  in  from  other  areas. 

Family  HYDROPTELIDAE 

Hydrotila  ajax  Ross.  June-August;  station  1  (1  male),  station  2  (1  male),  station  3  (2 
males),  station  4  (1  male),  station  5  (1  male). 

H.perdita  Morton.  August-early  October.  Station  2  (5  females),  station  3  (1  male,  1 
female),  station  5  (1  female). 

Family  HYDROPSYCHIDAE 

Ceratopsyche  bronta  Ross.  June,  July;  station  3  (4  females,  1  larva),  station  5  (1 
female). 

Cheumatopscyhe  spp.  367  larvae  were  collected  from  station  3. 
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Cheumatopsyche  campyla  Ross.  June-early  October;  station  1  (1  male,  1  female), 
station  2(17  males,  20  females),  station  3  (6  males,  34  females). 

C.  pettiti  (Banks).  May- August;  station  2  (16  males,  4  females),  station  3  (56  males, 
67  females),  station  4  (5  males,  3  females),  station  5  (4  females). 

Hydropsyche  betteni  Ross.  June-early  October;  station  3  (2  males,  209  larvae),  station  4 
(2  females),  station  5  (19  males,  7  females,  1  larva). 

H.  bidens  Ross.  Late  July;  station  1(1  male). 

Potamyia  flava  (Hagen).  June,  July;  station  1  (2  males,  15  females),  station  2  (1  male, 
1  female),  station  3  (1  male,  2  females). 

Family  LEPTOCERIDAE 

Athripsodes  transversus  (Hagen).  August;  station  2  (2  females),  station  3  (1  female). 
Oecetis  inconspicua  (Walker).  August;  station  2(1  male),  station  3  (1  male). 

Family  PHILOPOTAMIDAE 

Chimarra  aterrima  Hagen.  May,  June;  station  1  (1  female),  station  4  (1  female). 
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Figure  1.  Locations  of  the  sampling  stations  along  Winfield  Creek,  Kress  Creek,  and 
Spring  Brook  Creek  in  DuPage  County,  Illinois.  Stations  are  numerically 
identified:  1  =  Winfield  Creek  upstream;  2  =  Winfield  Creek  downstream; 
3  =  Kress  Creek;  4  =  Spring  Brook  Creek  upstream;  and  5  =  Spring  Brook 
Creek  downstream.  Distances  (km)  of  study  sites  from  junction  with  theWest 
Branch  of  the  DuPage  River  (WB)  and  approximate  widths  (m)  of  streams  at 
stations  are  sequentially  given  in  parentheses. 
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Table  1.  Physical  characteristics  of  the  West  Branch  of  the  DuPage  River,  Winfield 
Creek,  Kress  Creek,  and  Spring  Brook  Creek  as  taken  from  the  Northeastern 
Illinois  Planning  Commission  (1978). 


Stream 

Length 

(km) 

Average  width 
(m) 

Average  gradient 
(m/km) 

Drainage  area 
(km2) 

The  West  Branch  of  the  DuPage  River 

45.6 

47.9 

0.70 

974 

Winfield  Creek 

11.6 

1.8 

1.42 

23 

Kress  Creek 

12.1 

3.1 

1.25 

48 

Spring  Brook  Creek 

8.0 

3.0 

1.29 

18 

Table  2. 

Mean  +  standard  deviation  (Sampling  size)(x  +  s(n))  chemical 

concentrations(ppm)  from  Winfield  Creek,  Kress  Creek,  and  Spring  Brook 
Creek  sampling  stations.  Also  included  are  chemical  concentrations  that  can  be 
expected  from  relatively  unpolluted  waters  (Clark  1977,  Klein  1962).  Symbols: 
P04  =  orthophosphate;  W  =  Winfield  Creek;  K  =  Kress  Creek;  SB  =  Spring 
Brook  Creek. 

Location  Chemical 
-station 

Ammonia- 

nitrogen 

Nitrate- 

nitrogen 

Chloride 

P04 

W-l 

0.47+0.49(14) 

0.35±0.42(14) 

240±120(14) 

0.34+0.32(14) 

W-2 

0.41±0.49(1 1) 

0.32+0.21(1 1) 

190±86(11) 

0.27+0.27(1 1) 

K-3 

0.79+0.69(12) 

0.94+1.28(12) 

104+26(12) 

0.28+0.26(12) 

SB-4 

1.18±0.80(14) 

0.93±0.53(14) 

327±125(14) 

0.47±0.46(14) 

SB-5 

0.68+0.37(14) 

2.53+2.15(14) 

452+101(14) 

1.36±1.08(14) 

Concentrations  that  can  be  expected  from  relatively  unpolluted  waters. 

<0.2 

Virtually  absent 

<250 
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ABSTRACT 

A  water  quality  study  of  the  West  Branch  of  the  DuPage  River  (W.  Branch)  System  in 
Northeastern  Illinois  was  conducted  with  emphasis  given  to  monitoring  the  tributaries 
Winfield  Creek,  Kress  Creek,  and  Spring  Brook  Creek.  Organic  pollution  of  the 
tributaries  was  indicated  by  elevated  Hilsenhoffs  biotic  indices,  selected  chemical 
analyses,  and  bacterial  densities.  Biotic  indices  ranged  over  7  in  all  streams,  providing 
evidence  of  poor  water  quality.  Mean  ammonia-nitrogen  and  nitrate-nitrogen 
concentrations  ranged  respectively  from  0.41  ppm  and  0.32  ppm  for  Winfield  Creek  to 
1.18  ppm  and  2.53  ppm  for  Spring  Brook  Creek.  Mean  coliform  bacteria  colony  plate 
(coliform)  counts  ranged  from  a  low  of  1807  colonies/ml  in  Winfield  Creek  to  6383 
colonies/ml  in  Kress  Creek.  Chloride  concentrations  were  excessive  in  Spring  Brook 
Creek,  reaching  a  high  of  584  ppm  on  October  4,  1990,  just  below  the  Wheaton  waste 
water  treatment  plant.  The  water  qualities  of  the  W.  Branch  and  the  tributary,  Kline 
Creek,  also  were  monitored  from  April  to  July,  1991.  Mean  coliform  counts  ranged 
from  2477  colonies/ml  from  the  lower  stretch  of  the  W.  Branch  to  12,945  colonies/ml  in 
Kline  Creek,  just  below  the  Carol  Stream  waste  water  treatment  plant.  Ammonia- 
nitrogen  concentrations  were  excessively  high  in  Kline  Creek  head  water  area,  averaging 
7  ppm  and  reaching  a  high  of  20  ppm  on  July  8,  1991.  Waste  water  treatment  plants  are 
believed  to  be  the  major  source  of  organic  pollution  within  the  W.  Branch  river  system 
with  contributions  also  coming  from  septic  fields  and  farmland. 

INTRODUCTION 

Since  1980,  the  population  of  DuPage  County,  Illinois,  has  grown  over  15%  to  total 
more  than  780,000  people.  By  the  year  2010,  the  county's  population  is  projected  to 
approach  one  million.  In  an  effort  to  evaluate  the  effect  of  anthropogenic  disturbance  on 
the  natural  environment  and  to  provide  baseline  information  for  future  research  on  the 
effects  of  such  disturbance,  a  water  quality  study  of  the  West  Branch  of  the  DuPage  River 
System  was  begun  in  1989.  Stream  analyses  seemed  to  be  a  practical  way  to  estimate 
the  impact  of  development  since  the  streams  are  effected  by  physical  modification  as  well 
as  contamination  in  the  form  of  surface  runoff,  ground  water,  and  direct  discharge. 
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Between  October  1989  and  April  1990,  water  quality  measurements  were  taken  along  the 
lengths  of  the  West  Branch  of  the  DuPage  River  (W.  Branch)  and  a  tributary,  Kline  Creek 
(Petersen  1991).  The  W.  Branch  and  Kline  Creek  were  found  to  be  moderately  and 
severely  organically  polluted,  respectively,  as  quantified  by  arthropod  indicators  using 
Hilsenhoffs  biotic  index  (Hilsenhoff  1987)  and  selected  water  quality  measurements 
(ammonia-nitrogen,  nitrate-nitrogen,  chloride,  and  orthophosphate).  Sewage  inputs  from 
waste  water  treatment  plants  and  from  septic  fields  were  believed  to  be  the  causes  of  this 
lower  water  quality.  In  the  following  investigation,  the  study  was  expanded  to  evaluate 
the  water  quality  of  three  other  W.  Branch  tributaries:  Winfield  Creek,  Kress  Creek,  and 
Spring  Brook  Creek.  Evaluation  methods  included  those  used  in  the  initial  study.  Water 
quality  monitorings  of  the  W.  Branch  and  Kline  Creek  also  were  continued.  Locations  of 
streams  and  sampling  stations  are  illustrated  in  Figure  1. 

DESCRIPTION  OF  THE  STUDY  SITES 

The  50  km  W.  Branch  is  part  of  the  3553  km2  Des  Plaines  River  drainage  basin  located 
mostly  in  Northeastern  Illinois  (Illinois  Environmental  Protection  Agency  1988). 
Physical  measurements  of  it  and  four  of  its  tributaries  are  given  in  Table  1.  Over  70%  of 
the  W.  Branch  flows  through  DuPage  County  forest  preserves  which  encompass  some 
2340  hectares  of  mostly  mesophytic  forests.  The  four  tributaries  flow  largely  through 
residential  areas.  A  waste  water  treatment  plant  is  located  at  the  headwater  of  both  Kline 
Creek  and  Spring  Brook  Creek.  Daily  discharge  volumes  from  the  Kline  Creek  and 
Spring  Brook  Creek  plants  are  roughly  9000  Kl/day  and  33,000  Kl/d,  respectively. 
However,  these  plants  do  not  service  all  residents  living  along  the  streams.  Residents 
living  by  the  lower  reaches  of  both  streams,  and  also  along  the  headwaters  and  middle 
sections  of  Winfield  Creek,  have  private  septic  fields. 

Winfield  Creek  is  an  intermittent  stream  as  were  Kline  Creek  and  Spring  Brook  Creek 
prior  to  receiving  effluents  from  the  treatment  plants.  During  summer  and  early  fall, 
Winfield  Creek  commonly  ceases  to  flow.  Kress  Creek  is  slated  for  Superfund  priority 
toxic  cleanup.  The  creek  has  been  contaminated  by  radioactive  thorium  from  the  since 
abandoned  Kerr-McGee  Chemical  Corporation  owned  chemical-processing  plant  in  West 
Chicago,  Illinois.  The  final  2  km  of  Kress  Creek  flows  through  farmland  before 
reaching  the  W.  Branch. 


MATERIALS  AND  METHODS 

Winfield  Creek,  Kress  Creek,  and  Spring  Brook  Creek  monitoring 

Water  qualities  of  the  streams  were  assessed  using  Hilsenhoffs  biotic  index  (Hilsenhoff 
1987),  selected  chemical  analyses,  and  coliform  bacteria  colony  plate  (coliform)  counts. 
Hilsenhoffs  biotic  index  is  based  on  the  average  tolerance  of  an  arthropod  sample  to 
organic  pollution.  Stream  arthropods  were  collected  according  to  the  procedure  described 
by  Hilsenhoff  (1987).  Stations  were  located  in  riffles  having  depths  of  <10cm.  A  D- 
framed  aquatic  net  was  used  in  collections  which  were  taken  at  bimonthly  intervals 
between  October,  1990,  through  April,  1991,  when  not  interrupted  by  icing  over.  One 
hundred  arthropods  composed  each  sample.  Specimens  were  preserved  in  70%  ethanol 
and  identified  to  species  if  possible  or  to  genus  if  not. 

Monthly  chemical  measurements  were  taken  between  September,  1990,  and  October, 
1991,  from  each  station  using  LaMotte  chemical  kits  (LaMotte  Chemical  Products 
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Company)  when  weather  and  flow  permitted.  Concentrations  of  four  chemicals 
commonly  associated  with  organic  pollution  were  measured:  ammonia-nitrogen,  nitrate- 
nitrogen,  chloride,  and  orthophosphate.  Chloride  testing  was  of  special  value  as  a  waste 
water  indicator.  Besides  being  a  component  of  human  waste,  chloride  enters  the  streams 
from  waste  water  treatment  plants  after  having  first  been  used  in  the  form  of  salt  by  local 
residents  to  soften  hard  drinking  water.  The  Wheaton  Sanitary  District  estimates  that  an 
average  customer  uses  45  kg  of  salt  per  week  to  recharge  water  softening  systems 
(Robert  Clavel,  personal  communication).  Measurements  were  taken  at  all  five  stations 
within  a  4-hour  period  during  each  sampling  day. 

Water  samples  for  coliform  counts  were  taken  on  three  occasions  during  April  and  May, 
1991,  from  each  station  except  at  the  Spring  Brook  Creek-downstream  station.  Samples 
were  collected  in  sterile  bottles  and  refrigerated  over  night  at  4°C  before  testing  was 
conducted.  After  first  confirming  for  the  presence  of  fecal  coliforms,  coliform  counts 
were  taken  using  a  quantitative  pour  plate  test  (Seeley  1991). 

W.  Branch  and  Kline  Creek  monitoring 

Water  qualities  were  monitored  on  seven  occasions  along  the  W.  Branch  and  Kline  Creek 
beginning  in  April  and  proceeding  into  July,  1991,  using  chemical  analyses  and 
quantitative  pour  plate  tests  as  described  earlier.  During  each  sampling  day,  samples  were 
collected  from  all  five  stations  within  a  3-hour  period. 

RESULTS  AND  DISCUSSION 

A  list  of  arthropods  collected  from  the  streams  and  their  assigned  pollution  tolerance 
values  are  given  in  Table  2.  Biotic  index,  chemical,  and  coliform  measurements  provided 
evidence  that  the  West  Branch  of  the  DuPage  River  system  is  organically  polluted  (Tables 
3  and  4).  Winfield  Creek  showed  slightly  elevated  nitrogenous  and  chloride 
concentrations,  especially  near  the  head  water.  The  likely  source  of  this  pollution  is 
septic  field  seepage  from  upstream  sites.  Coliform  counts  within  Winfield  Creek  were 
also  higher  than  can  be  expected  from  unpolluted  waters.  Hilsenhoffs  biotic  indices 
taken  along  Winfield  Creek  were  comparable  to  those  taken  along  Spring  Brook  Creek,  a 
stream  which  showed  much  higher  chemical  concentrations.  We  question  if  the  higher 
biotic  indices  measured  from  Winfield  Creek  also  reflect  the  intermittent  nature  of  the 
stream.  Arthropods  inhabiting  an  intermittent  stream  can  be  expected  to  be  tolerant  of 
differential  chemical  concentrations  as  the  stream  ceases  to  flow  and  chemicals 
concentrate  in  pools,  or  as  the  stream  resumes  flowing  and  there  is  a  sudden  flush  of 
chemicals.  Thus  arthropods  that  tend  to  inhabit  intermittent  streams  may  also  be  those 
that  are  tolerant  to  organic  pollution. 

The  higher  ammonia  and  nitrate  nitrogen  concentrations  recorded  from  Kress  Creek  may 
partially  be  due  to  the  runoff  of  fertilizer  from  farmland  that  borders  the  stream  near  it's 
downstream  location.  Waste  water  inputs  seem  less  likely  in  view  of  the  low  chloride 
measurements  recorded.  Elevated  nitrogen  levels  may  explain  the  higher  coliform  counts 
recorded.  In  view  that  the  stream  is  on  the  list  for  Superfund  cleanup,  we  question  the 
effects  that  industrial  pollution  may  have  on  the  arthropod  community.  Hilsenhoffs 
biotic  index  reflected  poor  water  quality  in  the  stream. 

Chloride  concentrations  were  extremely  high  in  Spring  Brook  Creek,  especially  along  the 
downstream  location  which  was  located  below  the  Wheaton  waste  water  treatment  plant. 
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Concentrations  recorded  at  the  site  exceeded  the  Illinois  Environmental  Protection 
Agency  (IEPA)  General  Use  standard  of  500  ppm  (IEPA  1988)  on  five  occasions  out  of 
14  sampling  events.  A  maximum  reading  of  584  ppm  was  recorded  on  October  4,  1990. 
The  Wheaton  waste  water  treatment  plant  is  suspected  as  being  the  primary  source  of 
chloride.  Nitrate  and  orthrophosphate  concentrations  were  also  high  at  the  site.  The 
upstream  location  showed  little  improvement,  with  high  ammonia-nitrogen  and  chloride 
concentrations  from  unidentified  sources.  The  biotic  indices  from  both  stream  locations 
reflected  fairly  poor  to  poor  water  quality. 

Coliform  and  nitrogen  measurements  taken  along  the  W.  Branch  and  Kline  Creek 
continue  to  characterize  streams  that  are  moderately  to  severely  polluted  (Table  4). 
Measurements  were  especially  high  from  the  upstream  Kline  Creek  station  which  was 
located  just  below  the  Carol  Stream  waste  water  treatment  plant.  Ammonia-nitrogen 
concentrations  exceeded  the  IEPA  General  Use  Standard  of  1.5  ppm  on  six  of  seven 
sampling  episodes  from  each  Kline  Creek  station  and  reached  a  maximum  of  20  ppm  at 
both  stations  on  July  8,  1991.  These  maximum  readings  were  taken  two  days  after  a 
major  fish  kill  was  observed  in  the  W.  Branch  near  the  junction  with  Kline  Creek. 

The  West  Branch  of  the  DuPage  River  System  is  moderately  to  severely  organically 
polluted.  This  is  evident  from  arthropod  communities  composed  of  pollution  tolerant 
species,  by  high  coliform  counts,  ammonia-nitrogen,  nitrate-nitrogen,  and  chloride 
concentrations.  Waste  water  treatment  plants  are  believed  to  be  a  major  source  of  this 
pollution  with  contributions  also  coming  from  septic  fields  and  farmland. 
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Figure  1.  Locations  of  the  sampling  stations  within  the  West  Branch  of  the  DuPage 
River  System,  DuPage  County,  Illinois.  The  distance  (km)  of  a  station  from 
the  mouth  or  junction  with  the  West  Branch  of  the  DuPage  River  is  given 
after  station  identification.  Symbols:  WB  =  West  Branch  of  the  DuPage 
River  (ML  =  Mallard  Lake  site;  TR  =  Timber  Ridge  site;  MG  =  McDowell 
Grove  site);  KC  =  Kline  Creek;  W  =  Winfield  Creek;  K  =  Kress  Creek; 
SB  =  Spring  Brook  Creek;  U  =  upstream;  D  =  downstream  and  A=  waste  water 
treatment  plant. 
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Table  1.  Physical  characteristics  of  the  West  Branch  of  the  DuPage  River,  Winfield 
Creek,  Kress  Creek,  Spring  Brook  Creek,  and  Kline  Creek  as  taken  from  the 
Northeastern  Illinois  Planning  Commission  (1978). 


Stream 

Length 

(km) 

Average  width 
(m) 

Average  gradient 
(m/km) 

Drainage  area 
(km2) 

The  West  Branch  of  the  DuPage  River 

Winfield  Creek 

45.6 

47.9 

0.70 

974 

Kress  Creek 

11.6 

1.8 

1.42 

23 

12.1 

3.1 

1.25 

48 

Spring  Brook  Creek 

8.0 

3.0 

1.29 

18 

Kline  Creek 

7.4 

2.4 

2.88 

32 
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Table  2.  Arthropods  collected  from  Winfield  Creek,  Kress  Creek,  and  Spring  Brook 
Creek  according  to  pollution  tolerance  value  (PTV)  and  sampling  station. 
Symbols:  W  =  Winfield  Creek,  K  =  Kress  Creek;  SB  =  Spring  Brook  Creek; 
U  =  upstream;  and  D  =  downstream. 


Order  Species  PTV 

W-U 

W-D 

K 

SB-U 

SB-D 

Amphipoda 

Hyallela  azteca  Saussure 

8 

X 

Isopoda 

Asellus  intermedium  Forbes 

8 

X 

X 

X 

X 

Odonata 

Argia  spp. 

6 

X 

Boyeria  spp. 

2 

X 

Enallagma  spp. 

9 

X 

X 

Ischnura  spp. 

9 

X 

Ephemeroptera 

Baetis  intercalates  McDunnough 

6 

X 

Stenacron  interpunctum  (Say) 

7 

X 

Coleoptera 

Stenelmis  vittipennis  Zimmerman 

5 

X 

Trichoptera 

Cheumatopsyche  spp. 

6 

X 

Hydropsyche  bettini  Ross 

6 

X 

X 

Diptera 

Chironomus  spp. 

10 

X 

X 

Cricotopus  spp. 

7 

X 

X 

X 

X 

X 

Guttipelopia  spp. 

6 

X 

X 

Odontomyia  spp. 

8 

X 

Polypedilium  spp. 

6 

X 

Simulium  vittatum  Zetterfield 

8 

X 

X 

X 

X 

X 
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Table  3.  Mean  biotic  index  values  ±  standard  deviations  (x  +  s)  as  calculated  from  the 
Winfield  Creek,  Spring  Brook,  and  Kress  Creek  sampling  stations.  The  biotic 
indices  are  interpreted  as  follows:  0-3.50  indicated  excellent  water  quality;  3.51- 
4.50  very  good  water  quality;  4.51-5.50  good  water  quality;  5.51-6.50  fair  water 
quality;  6.51-7.50  fairly  poor  water  quality;  7.51-8.50  poor  water  quality;  and 
8.51-10.00  very  poor  water  quality. Symbol:  n  =  sample  size;  U  =  upstream;  and 
D  =  Downstream. 


Location 

x  BI+s 

n 

Winfield  Creek-U 

7.64±0.48 

12 

Winfield  Creek-D 

8.00±0.00 

3 

Kress  Creek 

7.26+0.35 

12 

Spring  Brook-U 

8.94+1.58 

12 

Spring  Brook-D 

8.12+0.52 

15 
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Table  4.  Mean  ±  standard  deviation  (Sampling  size)(x  +  s(n))  chemical 

concentrations(ppm)  and  coliform  bacteria  colony  plate  counts  from  Winfield 
Creek,  Spring  Brook,  Kress  Creek,  West  Branch  of  the  DuPage  River,  and  Kline 
Creek  sampling  stations.  Also  included  are  chemical  concentrations  and 
coliform  densities  that  can  be  expected  from  relatively  unpolluted  waters 
(American  Public  Health  Association  1985,  Clark  1977,  Klein  1962). 
Symbols:  P04  =  orthophosphate;  W  =  Winfield  Creek;  SB  =  Spring  Brook; 
K  =  Kress  Creek;  WB  =  West  Branch  of  the  DuPage  River  (ML  =  Mallard  Lake 
station;  TR  =  Timber  Ridge  station;  and  MG  =  McDowell  Grove  station); 
KC  =  Kline  Creek;  U  =  upstream;  and  D  =  downstream. 


Location 

i  Chemical 

Ammonia- 

nitrogen 

Nitrate- 

nitrogen 

Chloride 

P04 

Coliform 

colonies/ml 

W-U 

0.47+0.49(14) 

0.35+0.42(14) 

240+120(14) 

0.34+0.32(14) 

1807+1067(3) 

W-D 

0.41+0.49(11) 

0.32+0.21(11) 

190+86(11) 

0.27+0.27(11) 

3410+1943(3) 

K 

0.79±0. 69(12) 

0.94+1.28(12) 

104+26(12) 

0.28+0.26(12) 

6383+5468(3) 

SB-U 

1.1 8±0. 80(14) 

0.93+0.53(14) 

327+125(14) 

0.47+0.46(14) 

2012+1014(3) 

SB-D 

0.68+0.37(14) 

2.53+2.15(14) 

452+101(14) 

1.36+1.08(14) 

WB-ML 

1.00+0.29(7) 

1.14+0.43(7) 

113+13(7) 

0.57+0.37(7) 

6 1 19+7920(7) 

WB-TR 

1 .57+1.97(7) 

0.77+0.27(7) 

122±47(7) 

0.49+0.30(7) 

7373+7137(7) 

WB-MG 

1.07+0.89(7) 

0.57+0.18(7) 

122±47(7) 

0.44+0.29(7) 

2477+1670(7) 

KC-U 

7.00+6.38(7) 

0.91+0.69(7) 

1 85+79(7) 

0.3  1±0.25(7) 

12945+7512(7) 

KC-D 

5.57+1.23(7) 

1.23+0.90(7) 

162+51(7) 

0.34+0.24(7) 

3403+4057(7) 

Concentrations  that  can  be  expected  from  relatively  unpolluted  waters. 

<0.2 

Virtually  absent 

<250 

<200 
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ABSTRACT 

We  provide  records  of  late  spring  migrant  and  summer  vagrant  birds  in  the  Illinois  Ozark 
region  of  southern  Illinois.  During  three  years  (1989-1991)  of  intensive  censuses, 
twenty  migrant  passerine  species  were  encountered  during  late  May  or  early  June.  Three 
other  northern  breeding  passerine  species  were  recorded  in  mid-  and  late  June  and  are 
considered  summer  vagrants. 


INTRODUCTION 

Many  passerine  species  continue  migrating  through  Illinois  until  late  May  or  early  June 
(Bohlen  1989).  Because  late  departure  dates  of  migrants  are  not  as  conspicuous  as  first 
arrivals  each  spring,  the  late  spring  migration  has  received  little  attention  in  the 
literature.  Indeed,  without  regular  systematic  surveys  it  is  difficult  to  document  latest 
departure  records  for  many  species.  Several  songbird  species  that  do  not  arrive  in  Illinois 
until  mid-May  have  poorly  defined  migration  periods  for  the  same  reasons. 

The  comprehensive  extent  of  our  surveys  in  extreme  southern  Illinois  (see  below) 
provided  us  with  the  opportunity  to  document  late  spring  migration  in  forest  habitats. 
Because  Illinois  forests  are  not  often  censused  past  the  peak  of  spring  migration,  we  feel 
we  can  supply  some  useful  data  on  little  known  patterns  of  avian  use  of  forests  during 
late  spring,  and  on  the  occurrence  of  summer  vagrancy  by  some  migrant  birds  that 
normally  breed  north  of  Illinois. 
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STUDY  AREA  AND  METHODS 

We  surveyed  birds  in  four  large  (800-2,000  ha)  forest  tracts  in  Union  and  Alexander 
counties:  the  Dutch  Creek  area  (T  12  S,  R  2  W,  sections  32-34);  Pine  Hills  Hollow  (T 
11  S,  R  3  W,  sections  22,  27,  34;  and,  T  12  S,  R  3  W,  section  3);  Trail  of  Tears  State 
Forest  (T  12  S,  R  2  W,  sections  4,  5,  7-9,  16-18);  and  South  Ripple  Hollow  (T  14  S,  R 
2  W,  sections  5  and  8).  Oaks  ( Quercus  spp.)  and  hickories  ( Carya  spp.)  dominate  the 
ridges  and  slopes  at  all  four  sites.  In  the  ravines,  however,  sugar  maple  ( Acer 
sacchanm ),  tulip  tree  (Liriodendron  tulipifera),  and  American  beech  {Fagus  grandif olid) 
are  most  common.  The  Dutch  Creek  area  includes  eight  clearcuts  and  several  maintained 
wildlife  openings.  Some  sites  at  Trail  of  Tears  State  Forest  have  been  selectively  logged 
within  the  last  15  years.  Pine  Hills  Hollow  and  South  Ripple  Hollow  are  mostly 
undisturbed,  with  the  exception  of  a  primitive  campground  near  the  south  end  of  Pine 
Hills  Hollow. 

Each  morning  from  15  May-1  July,  1989-1991,  we  spent  three  to  five  hours  censusing 
one  or  more  of  twenty-three  routes  through  upland  forest.  These  routes  have  four  to 
thirty-one  stops.  We  used  a  standard  (Hutto  et  al.  1986)  point-count  census  method  with 
stops  150  meters  apart.  We  spent  six  minutes  at  each  stop  recording  distance  and 
direction  from  the  stop  of  each  bird  heard  or  seen.  Each  route  was  covered  four  times 
each  summer. 


RESULTS  AND  DISCUSSION 

Most  migrant  passerines  have  departed  southern  Illinois  by  May  20.  Species  lingering 
past  this  date  are  considered  late  migrants.  We  present  here  a  summary  of  our  latest 
records  for  many  of  the  late  migrant  species  that  pass  through  the  Illinois  Ozarks  (Table 
1).  In  most  cases,  we  include  the  two  latest  encounters  for  each  species,  but  a  few 
species  were  recorded  after  May  20  in  only  one  year.  Our  censuses  of  forest  habitat 
revealed  record  late  departure  dates  for  southern  Illinois  for  eleven  of  the  twenty  late 
migrant  species  (see  Table  1).  Latest  detections  of  other  species  were  near  previously 
published  dates  (Bohlen  1989;  Graber  et  al.  1971,  1974,  1983,  1985). 

Several  additional  sightings  of  migrant  species  cannot  clearly  be  classified  as  late  spring 
migrants.  We  consider  the  following  to  be  summer  vagrants: 

Least  Flycatcher  ( Empidonax  minimus)- Three  different  singing  males  were  present  at 
three  localities  separated  by  at  least  one  km  during  mid-summer  1991.  Two  were  at  Trail 
of  Tears  State  Forest  in  selectively  logged  forest  (24  and  25  June),  whereas  another  was 
at  Pine  Hills  Hollow  in  a  disturbed  section  of  a  mesic  ravine  on  7  July.  None  were 
encountered  earlier  in  the  summer,  and  breeding  has  not  been  documented  in  southern 
Illinois  (Graber  et  al.  1974).  These  birds  may  have  been  very  early  fall  migrants. 

Canada  Warbler  ( Wilsonia  canadensis)- A  singing  male  with  partial  necklace,  possibly  a 
subadult,  was  at  Trail  of  Tears  in  selectively  logged  forest  on  22  June  1991.  This 
individual  was  probably  a  late  spring  migrant,  but  the  latest  departure  date  for  southern 
Illinois  previously  reported  was  12  June  (Graber  et  al.  1983). 

Rose-breasted  Grosbeak  ( Pheucticus  ludovicianus)— A  singing  male  was  recorded  in 
undisturbed  forest  at  Trail  of  Tears  from  1-14  June  1991.  Breeding  has  only  recently 
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been  confirmed  in  extreme  southern  Illinois,  but  there  are  as  yet  no  nesting  records  for 
the  Illinois  Ozark  region  (Robinson  1991). 

Evening  Grosbeak  ( Coccothraustes  vespertinus)- A  flying  bird  was  heard  and  seen  during 
a  census  of  an  upland  ridge  at  Dutch  Creek  on  14  June  1991.  To  our  knowledge,  this  is 
one  of  only  three  June  records  for  the  state  (Bohlen  1989). 

The  results  from  our  censuses  help  define  more  fully  the  migration  periods  for  late 
migrant  species  passing  through  southern  Illinois.  Daily  censuses  throughout  May  and 
early  June  are  necessary  to  document  the  entire  migration  period  for  each  passerine 
species  migrating  through  Illinois.  Regular  surveys  not  only  provide  important  natural 
history  information  about  migration  periods,  but  can  also  record  summer  vagrancy 
patterns,  a  topic  about  which  little  is  known.  Summer  vagrancy  may  be  an  indicator  of 
potential  for  the  establishment  of  future  breeding  populations. 
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Table  1.  Latest  spring  departure  dates  for  migrants  recorded  in  the  Illinois  Ozarks. 
Species  follow  A.O.U.  (1983)  order.  Asterisks  (*)  indicate  those  species  for  which 
record  late  departure  dates  were  recorded. 
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The  Rediscovery  of  the  Ohio  Shrimp, 
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ABSTRACT 

The  Ohio  shrimp  Macrobrachium  ohione  was  once  found  commonly  in  the  Mississippi 
River  bordering  southern  Illinois.  The  last  known  Illinois  collection  of  this  species  was 
made  near  Cairo  in  1962.  Two  specimens  taken  on  16  July  1991  from  the  Mississippi 
River,  Grand  Tower,  Jackson  Co.,  Illinois,  represent  the  first  known  collection  of  M. 
ohione  in  the  upper  Mississippi  River  basin  since  1962. 


"If  undue  pollution  of  the  rivers  does  not  arise,  the  present  fishery  for  fresh¬ 
water  shrimp  will  probably  be  maintained  indefinitely,  for  the  present  method 
of  trapping  captures  only  the  larger  animals  and  leaves  the  smaller  ones  to  carry ; 
on."  Gordon  Gunter  1937. 

The  Ohio  shrimp  Macrobrachium  ohione  (Smith)  is  one  of  several  species  of  shrimp  that 
occurs  in  freshwater  habitats  of  the  United  States.  It  is  found  in  large  rivers  from 
Alabama  to  Texas  with  the  northern  limit  of  its  range  reaching  into  Illinois  and  Ohio. 
Populations  also  occur  along  the  Atlantic  Coastal  Plain  from  Virginia  to  northern 
Florida.  M.  ohione  is  the  only  species  of  the  genus  Macrobrachium  endemic  to  the 
United  States  and  is  the  only  member  of  the  genus  found  in  the  Mississippi  River 
drainage. 

Macrobrachium  ohione  was  once  found  in  abundance  in  the  Mississippi  River  bordering 
Illinois  from  St.  Louis,  Missouri,  to  Cairo.  Because  this  species  reaches  a  rather  large 
size,  with  females  attaining  a  total  length  (tip  of  telson  to  tip  of  rostrum)  of  100  mm 
(Holthuis  1952),  it  was  commercially  harvested  for  human  consumption  and  as  bait  for 
sport  fishing  (Forbes  1876;  McCormick  1934). 

Commercial  fishermen  from  Kentucky,  Missouri,  and  Illinois  once  reported  collecting 
this  species  in  large  numbers  (pers.  comm.  B.  M.  Burr).  However,  these  same  fishermen 
claim  to  have  not  seen  or  collected  the  Ohio  shrimp  since  the  mid  1940s.  A  statewide 
survey  of  Illinois  decapods  conducted  from  March  1972  to  September  1982  did  not  reveal 
any  specimens  of  M.  ohione  in  Illinois  waters  (Page  1985).  The  last  known  collection 
of  the  species  is  a  single  specimen  taken  from  the  Mississippi  River,  1 .6  km  south  of 
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Cairo,  Alexander  Co.,  Illinois,  on  11  September  1962  (specimen  at  Illinois  Natural 
History  Survey).  Page  ( 1985)  attributed  the  disappearance  of  the  Ohio  shrimp  to  the  loss 
of  suitable  habitats  resulting  from  channelization,  impoundment  of  rivers,  and  drainage 
of  bottomland  lakes. 

On  16  July  1991  two  specimens  of  M.  ohione  (TL  46.4,  55.5  mm)  were  collected  from 
the  Mississippi  River  at  Devil's  Backbone  State  Park,  1.2  km  north  of  Grand  Tower, 
Jackson  Co.,  Illinois,  using  a  9.1  m  bag  seine.  These  specimens  represent  the  first 
known  collection  of  the  Ohio  shrimp  in  the  upper  Mississippi  River  valley  since  1962 
and  are  now  deposited  at  the  Illinois  Natural  History  Survey. 

Curiously,  seasonal  seine  collections  made  in  the  Mississippi  River  at  Grand  Tower, 
Jackson  Co.,  Illinois,  for  fourteen  years  (1977-1991)  have  not  yielded  a  single  specimen 
of  M.  ohione.  I  speculate  that  the  low  water  levels  in  the  Mississippi  River  over  the 
past  three  years  created  water  quality  conditions  (e.g.,  high  dissolved  solids  and  higher 
average  water  temperatures)  favorable  for  M.  ohione  and  allowed  it  to  reach  the  upper 
Mississippi  River  basin  from  more  southerly  locations  for  the  first  time  in  many  years. 

The  rediscovery  of  Macrobrachium  ohione  in  Illinois  demonstrates  the  need  for  continued 
monitoring  of  our  aquatic  habitats.  Additional  surveys  will  be  required  to  determine  if 
the  Ohio  shrimp  is  reproducing  in  Illinois  waters. 
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